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Wwalk TAKE PLEASURE IN ANNOUNCING the com- 
i y) pletion of our “stock re-arrangement” and -believe a 
patie) few brief explanations of the changes will be of interest 
to our patrons. Much valuable time and a great deal of work 
have been liberally spent, but the results obtained amply repay 
the inconvenience of such an investment. 

The “cabinet stock,” including specimens valued at 50c. and 
upwards, is arranged in “Dana” order, each specimen plainly 
labeled and priced.; Single crystals, 50c. each and over, are also 
included. 

The “educational stock” comprises specimens below 50c. in 
value, and is arranged in a complete series apart from the cabinet 
material. Customers purchasing specimens in quantity for 
instruction or class use, will find this division particularly con- 
venient. 

The “crystal stock,” divided under the six systems, includes 
single crystals 10c. per dozen to 30c. each. Thousands of crystals 
can be examined with dispatch, as every opportunity is offered to 
further rapid inspection. 


A WORD CONCERNING PRICES. 


Upon March 1, 1901, we undertook a series of reductions, 
principally affecting standard stock, though many minerals re- 
ceived direct from sources of supply were included. A thorough 
revision was given to prices upon European specimens, and we 
believe our stock will now compare favorably with that of most 
European dealers. Reductions from 20% to 50% frequently 
applied to an entire species. With such sweeping discounts our 
stock cannot fail to create a favorable impression upon the judi- 
cious purchaser, while opr service we endeavor to make perfectly 
satisfactory. Prices, to which we strictly adhere, will be found 
uniform throughout the stock of both our Philadelphia and Paris 
houses. 

We offer apologies to many of our customers for unavoidable 
delays in filling orders received during the past few months, but 
believe that increased facilities, combined with an earnest and 
intelligent desire to please, will render future service unrivaled. 

’ Trial orders solicited. “Approval system” upon orders for 
cabinet material. 
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AMERICAN JOURNAL OF SCIENCE 


[FOURTH SERIES.] 


Art. XXXIII.—TZhe New Spectrum; by 8. P. LANGLEY. 
With Plate VII. 


THE writer, (at the concluding meeting of the National 
Academy of Sciences on April 18th,) remarked on the disad- 
vantages in the matter of interest of the work of the physicist, 
which he was about to show them, to that of the biologist, 
which was concerned with the ever absorbing problem of life. 
He had, however, something which seemed to Kies of interest 
even in this respect, to speak of, for it included some indica- 
tions he believed to be new, pointing the way to future knowl- 
edge of the connection of terrestrial life with that physical 
creator of all life, the sun. 

He had to present to the Academy a book embodying the 
labor of twenty years; though at this late hour he could 
scarcely more than show the volume with a mention of the 
leading captions of its subject. What he had to say, then, 
would be understood as only a sort of introductory description 
- of the contents of the work in question, which was entitled 
“Volume I of the Annals of the Astrophysical Observatory 
of the Smithsonian Institution.” 

In illustration of a principal feature of this book, the 
Academy saw before them on the wall an extended solar spec- 
trum,* only a small portion of the beginning of which, on the 
left, was the visible spectrum known to Sir Isaac Newton. 
This was the familiar visible colored spectrum which we all 
have seen and know something of, even if our special studies 
are in other fields. 

* The references in this article are to the map in the present number (Plate VII). 
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It is chiefly this visible part, which has been hitherto the 
seat of prolonged spectroscopic investigation, from a little 
beyond the violet, at a wave-length of somewhat less than 0/4 
down to the extreme red, which is generally considered to 
terminate at the almost invisible line A, whose wave-length is 
0”-76. On the scale of the actual wave-length of light, then, 
where the unit of measurement (1%) is ;¢5, of a millimeter, 
the length of the visible spectrum is 0“-36. 

The undue importance which this visible region has as- 
sumed, not only in the eyes of the public but in the work of 
the spectroscopist, is easily intelligible, being due primarily to 
the evident fact that we all possess, as a gift from nature, 
a wonderful instrument for noting the sun’s energy in this 
part, and in this part only. 

While then this part alone can be seen by all, yet the idea of 
its undue importance is also owing to the circumstance that the 
operation of the ordinary prism gives an immensely extended 
linear depiction of the really small amount of energy in this 
visible part. There is also a region beyond the violet, most 
insignificant in energy and invisible to the eye, and the associa- 
tion of this linear extension due to the prism, with the accident 
that the salts of silver used in photography are extraordinarily 
sensitive to these short wave-length rays, so that they can 
depict them even through the most extreme enfeeblement of 
the energy involved jn producing them, also makes this part 
have undue prominence. This action of the prism and of the 
photograph is local, then, and peculiar to the short wave-lengths; 
and owing to it, all but special students of the subject are, as‘a 
rule, under a wholly erroneous impression of the relative im- 

ortance of what is visible and what is not. The spectrum 
1as really no positive dimension, being extended at one end or 
the other according to the use of the prism or grating employed 
in producing it. Perhaps the only fair measurement for dis- 
playing a linear representation of the energy would be that 
of a special scheme, which the writer had proposed, in which 
the energy is everywhere the same ;* but this presentation 
is unusual, and would not be generally intelligible without 
explanation. 
he map before us will be intelligible when it is stated that 
it is, as to the infra-red, an exact representation of that part of 
the spectrum given by a rock-salt prism. The visible and 
ultra-violet spectrum given here is not exact, for the reason that 
it would take over a hundred feet of map to depict it on the 
prismatic scale, though this is caused by but a small fraction of 
the sun’s energy; so monstrous is the exaggeration due to the 
dispersion of the prism. 


* This Journal, III, xxvii, p. 169, 1884. 
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Looking then at the map; first, in the spectrum on the left 
and beyond 0/4 is the ultra-violet region, in fact almost invis- 
ibly small, but which in most photographs shows over a hun- 
dred times larger than the whole infra-red. It really contains 
much less than one-hundredth part of the total solar energy 
which exists. Beyond it is the visible spectrum, containing 
perhaps one-fifth the energy of the infra-red. 

As the writer has elsewhere said, “the amount of energy, 
in any region of the spectrum, such as that in any color, or 
between any two specified limits, is a definite quantity, tixed 
by facts, which are independent of our choice, such as the 
nature of the radiant body or the absorption which the ray has 
undergone. Beyond this, Nature has no law which must 
govern us.” 

Everything in the linear presentation, then, depends on the 
scale adopted. In other words, if we have the lengths propor- 
tionable to the energies, the familiar prismatic representation 
enormously exaggerates the importance of the visible, and still 
more of the ultra-violet region, and similarly the grating spec- 
trum exaggerates that of the infra-red region. Now he had 
given, on the map before them, and through the whole infra-red, 
the exact rock salt prismatic spectrum, but for the purpose of 
obtaining a length which represented (though insufficiently) 
that of the visible spectrum, he had laid the latter down on the 
average dispersion in the infra-red, which was perhaps as fair a 
plan as could be taken for showing the approximate relation 
of the two fields of energy in an intelligible way, though it gave 
the visible energy too small. 

Let us recall, then, at the risk of iteration, that in spite of 
the familiar extended photographic spectra of the hundreds of 
lines shown in the ultra-violet, and in those of the colored 
spectrum, it is not here that the real creative energy of the 
sun is to be studied, but elsewhere, on the right of the drawing, 
in the infra-red. Looking to the spectrum as thus delineated, 
next to the invisible ultra-violet comes the visible or New- 
tonian spectrum, which is here somewhat insufficiently shown, 
and on the right extends the great invisible spectrum in which 
four-fifths of the solar energies are now known to exist. 


Of this immense invisible region nothing was known until 
the year 1800,* when Sir William Herschel found heat there 
with the thermometer. 

After that little was donet (except an ingenious experiment 


* Philosophical Transactions, vol. xc, p. 284, 1800. 

+ It should, however, be mentioned that an important paper by Draper (London, 
Ed. Dublin Phil. Mag., May, 1843) was published in 1843 in which he appears to 
claim the discovery of the group here called por and which is now known to have 
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by Sir John Herschel* to show that the heat was not continuous) 
till the first drawing of the energy curve by Lamansky,t in 1871, 
which, on account of its great importance in the history of the 
subject, is given on the map. It consists of the energy curves 
of the visible spectrum, and beyond it, on the right, (and in 
illustration of what has just been said it will be seen how 
relatively small these latter appear) of three depressions indi- 
cating lapses of heat in the infra-red. It is almost impossible 
to tell what these lapses are meant for, without a scale of some 
kind (which he does not furnish), but they probably indicate 
something, going down to neara wave-length of 1%. It is 
obvious that the detail is of the very crudest, and yet this 
drawing of Lamansky’s was remarkable as the first drawing of 
the energy spectrum. It attracted general attention, and was 
the immediate cause of the writer’s taking up his researches 
in this direction. 

It seems proper to state here that the true wave-lengths 
were at that time most imperfectly known, but that in 1884, 
and later in 1885,t they were completely determined by the 
writer as far as the end of what he has called “the new spec- 
trum” at a wave-length of 5/3. 

The upper portion of the infra-red is quite accessible to 
photography, and the next important publication in this direc- 
tion was that of Captain Abney,§ which gave the photographic 
spectrum down to about 1:1, much beyond which photography 
has never gone since. 


From the time of seeing Lamansky’s drawing, the writer had 
grown interested in this work, but found the thermopile, the 
instrument of his predecessors, and the most delicate then 
known to science, insufficient in the feeble heat of the grating 
spectrum, and about 1880 he had invented the bolometer| and 
was using it in that year for these researches. This may per- 
haps seem the place to speak of this instrument, though with 
the later developments which have made it what it is to-day, 


a wave-length of less than 1”. (Its true wave-length was not determined till 
mich later.) Later, Fizeau seems to have found further irregularities of this heat 
as long ago as 1847, and of its location, obtaining his wave-lengths by means 
of interference bands. His instrumental processes, though correct in theory, 
were not exact in practice; and yet it seems pretty clear that he obtained some 
sort of recognition of a something indicating heat, as far down as the great region 
immediately above & on our present charts. Mouton (Comptes Rendus, 1879) 
contirmed this observation of Fizeau’s, and contrived to get at least an approxi- 
mate wave-length of the point where the spectrum (to him) ended, at about 1/8. 
* Philosophical Transactions, vol. cxxx, p. 1, 1840. 
+ Monatsberichte der k. Akademie der Wissenschaften zu Berlin, Dec., 1871. 
This Journal, March, 1884, and August, (886. 
$ Philosophical Transactions, vol. clxxi, p. 653, 1880. 
j Actinic Balance, this Journal, 3d series, vol. xxi, p. 187, 1881. 
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it has grown to something very different from what it was 
then. 

It has, in fact, since found very general acceptance among 
physicists, especially since it has lately reached a degree of 
accuracy, as well as of delicacy, which would have appeared 
impossible to the inventor himself in its early days. 

t may be considered in several relations, but notably as to 
three: (1) its sensitiveness to small amounts of heat; (2) the 
accuracy of measurement of those small amounts; and (3) the 
accuracy of its measurements of the position of the source of 
heat. 

As to the first, it is well known that the principle of the 
instrument depends on the forming of a Wheatstone bridge, 
by the means of two strips of platinum or other metal, of 
narrow width and still more limited thickness, one of which 
only is exposed to the radiation. In some bolometers in use, 
for instance, the strip is a tenth of a millimeter, or one 
two-hundred-and-fiftieth of an inch in width; and yet it is 
to be described as only a kind of tape, since its thickness is 
less than a tenth of this. 

The use of the instrument is then based on the well-known 
fact that the heating of an ordinary metallic conductor in- 
creases its resistance, and this law is found to hold good in 
quantities so small that they approach the physically infini- 
tesimal. In the actual bolometers, for instance, the two arms 
of a Wheatstone bridge are formed of two strips of platinum, 
side by side, one of which is exposed to the heat and the other 
sheltered. The warming of the exposed one increases its 
resistance and causes a deflection of the galvanometer. 

It was considered to be remarkable twenty years ago that 
the change of temperature of one ten-thousandth of a degree 
Centigrade could be registered; it is believed at present that 
with the consecutive improvements of the original instrument 
and others, including those which Mr. Abbot, of the Smith- 
sonian Institution Observatory, has lately introduced into its 
attendant galvanometer, that less than one one-hundred-mil- 
lionth of a degree in the change of temperature of the strip can 
be registered. This indicates the sensitiveness of the instru- 
ment to heat. 

As to the second relation, some measures have been made 
on the steadiest light source obtainable. With ordinary photo- 
metric measures of its intensity one might expect a probable 
error of about one per cent. The error with the bolometer 
was insensible by any means that could be applied to test it. 
It is at any rate less than ;2, of one per cent. If we imagine 
an absolutely invisible spectrum, in which there nevertheless 
are interruptions of energy similar to those which the eye shows 
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us in the visible, then the bolometer, whose sensitive strip 

asses over a dark line in the spectrum, visible or invisible 
arm what is darkness to the eye is cold to it), gives a deflec- 
tion on the side of cold, and in the warmer interval between 
two lines a deflection on the side of heat; these deflections 
being proportionate to the cause, within the degree of accuracy 
just stated. 

The third quality, the accuracy of its measures of position, 
is better seen by a comparison and a statement, for if we look 
back to the indications of the lower part of Lamansky’s draw- 

_ing, we may see that at least a considerable fraction of a 
degree of error must exist there in such a vague delineation. 
Now in contrast with this early record, the bolometer has been 
brought to grope in the dark, and to thus feel the presence of 
narrow Fraunhofer-like lines by their cooler temperature alone, 
with an error of the order of that in refined astronomical 
measurement; that is to say, the probable error, in a mean of 
six observations of the relative position of one of these invis- 
ible lines, is less than one second of are; a statement which 
the astronomer, perhaps, who knows what an illusive thing a 
second of are is, can best appreciate. 

The results of the writer’s labors with the bolometer in the 
years 1880 and 1881, and in part of his expedition in the latter 
year to Mount Whitney, were given at the Southampton meet- 
ing of the British Association for the Advancement of Science 
in 1882.* During these two years, very many thousand gal- 
vanometer readings were taken by a most tryingly slow pro- 
cess, to give the twenty or more interruptions shown at that 
time, below the limit at 1“-1 of Abney’s photographs. The 
bolometer has been called an eye which sees in the dark, but 
at that time the “eye” was not fairly open, and having then 
not been brought to its present rapidity of use, the early results 
were attained only by such unlimited repetition, and almost 
infinite patience was needed till what was inaccurate was elim- 
inated. 

Several hundreds at least of galvanometer readings were 
then taken to establish the place of each of the above twenty 
lines during the two years when they were being hunted for, 
and this patience so far found its reward, that they have never 
required any material alteration since, but only additions such 
as the writer can now give. The part below 1“*1 he then pre- 
sented (at the Southampton meeting of the British Associa- 
tion) as having been mapped for the first time. Mouton had 
two years before obtained crude indications of heat as far as 


* Report British Association, 1882. Nature xxvi, 1882. 
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1-8, and Abney had, as stated, obtained relatively complete 
photographs of the upper infra-red extending to about this 
point (1“-1). 

The writer had already determined for the first time by the 
bolometer, at Allegheny and on Mt. Whitney, the wave-lengths 
of some much remoter regions, including the region then first 
discovered by him and here ealled “the new spectrum,” and 
was able to state that the terminal ray of the solar spectrum, 
whose presence had then been certainly felt by the bolometer, 
had a wave-length of about 48 or nearly two octaves below 
the “great A” of Fraunhofer. 

He stated in this communication of 1882, that the galva- 
nometer then responded: readily to changes of temperature in 
the bolometer strip of much less than one ten-thousandth of 
a degree Centigrade (as has just been said it now responds to 
changes of less than one one-hundred-millionth;) and he added 
“since it is one and the same solar energy whose manifestations 
are called ‘light’ or ‘heat’ according to the medium which 
interprets them, what is ‘light’ to the eye is ‘ heat’ to the bolo- 
meter, and what is seen as a dark line by the eye is felt as 
a cold line by the sentient instrument. Accordingly if lines 
analogous to the dark ‘Fraunhofer’ lines exist in this invis- 
ible region, they will appear (if I may so speak) to the bolo- 
meter as cold bands, and this hair-like strip of platinum is 
moved along in the invisible part of the spectrum, till the gal- 
vanometer indicates the all but infinitesimal change of tem- 
perature caused by its contact with such a ‘cold band.’ The 
whole work, it will be seen, is necessarily very slow; it is in 
fact a long groping in the dark, and it demands extreme 
patience.” 


At that time it may be said to have been shown that these 
interruptions were due to the existence of something like dark 
lines or bands resembling what are known as the Fraunhofer 
lines in the upper spectrum, but apart from what the writer 
had done, no one then surmised how far this spectrum ex- 
tended, nor perhaps what these explorations really meant. 
They may be compared to actual journeys into this dark conti- 
nent, if it may be so called, which extended so far beyond those 
of previous explorers that the determination of positions by the 
writer, corresponding somewhat to longitudes determined by the 
terrestrial explorer in anew country, was by those who had not 
been so far, but had conceived an inadequate idea of the extent 
of the country, treated as erroneous and impossible. 

A necessary limit to the farthest infra-red was in 1880 sup- 
posed to exist near the wave-length 1“. Doctor John Draper,* 


* Proceedings of the American Academy, vol, xvi, p. 233, 1880. 
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for instance, announced in other terms that the extreme end 
of the invisible spectrum might from theoretical considerations 
be probably estimated at something less than the wave-length 
of 1“-0, whence it followed that the above value of 1“°8 was 
impossibie, and still more that of 2“-8. If in this connection 
we revert to our map, where the visible spectrum has an 
extent in wave-lengths of 0-36, then, on that same scale, the 
length of the entire possible spectrum, visible and invisible, 
was fixed by Draper at the point there shown near the band 
por. In still other words, according to him, the very end of 
any spectrum at all would be less than 3 on a scale in which’ 
the visible spectrum was 1. Doctor Draper’s authority was 
deservedly respected, and this citation of his remarks is made 
only to show the view then entertained by eminent men of 
science. 

Now the writer had proved by actual measurement that it 
extended far beyond this point, and had announced, as the 
result of experiment, that it extended at any rate to abont three 
times the utmost length then assigned from theoretical reasons, 
founded on the then universally accepted formula of Cauchy, 
which was later discredited by the direct experimental evi- 
dence given of its falsity by the bolometer. 

The bolometer then, which is wholly independent of light 
as a sensation and notes it only as a manifestation of energy, 
first lays down the spectrum by curves of energy from which 
the linear spectrum is in turn derived. 

There must now be explained, however, briefly, the way in 
which these energy curves, which are the basis of all, have 
actually been produced here. 

In making the map of the energy curves it should be re- 
membered that when an invisible band or line is suspected its 
presence is revealed by the change of temperature in the bolo- 
meter strips affecting the needle of the galvanometer, causing 
this needle to swing this way or that; let us suppose to the 
left if from cold, and the right if from heat. The writer’s 
first method was to have one person to note the exposure; an- 
other to note the extent of the deflection, and a third to note 
the part of the spectrum in which it occurred. For reasons 
into which he does not enter, this old plan was, as he has 
already said, tedious in the extreme, and required as has been 
said hundreds of observations to fix with approximate accuracy 
the position in wave-length of one invisible line. It has been 
stated that only about twenty such lines had been mapped out 
in nearly two tears of assiduous work prior to 1881, and if a 
thousand such lines existed, it was apparent that 50 years 
would be required to denote them. 

The writer then devised a second apparatus to be used in 
connection with the bolometer. This apparatus was simple in 


NoTE TO ARTICLE XXXIII, oN THE NEw SpEcTRUM.—The portion of 
the energy curve in the plate immediately above the visible spectrum 
is given erroneously, through an oversight of the author’s discovered 
too late for correction in the present number. The reader may sup- 
pose this part of the curve to be omitted, as it will be in subsequent 


plates. 


Am. Jour. Sci, Vol. XI, 1901. ENERGY SPECTRUM. 


D 0 oF THE 
PED 


LAMANSKY'S CUAVE . 187!. 


h FED CBA 
04 076 


Reduction from Large Map of the infra-red Solar Spectrum of a 60° Rock-Salt Prism, Energy Cur 


Observations of S. P. Langley with the assistance of C. G, 


\ \ 
|] 
if 
4 
t 
0:92 (i Te 
4015 40°00 39°45 39°30 
j 


ENERGY SPECTRUM. 


393 


tion from Large Map of the infra-red Solar Spectrum of a 60° Rock-Salt Prism. 


Energy C 
Observations of S. P. Langley with the assistance of C. 


f ‘ at it} 
tin 
1A Te 


PLATE Vil. 


39°30 


zy Curves and Line Spectrum from Bolographs of 1898. 
G. Abbot. 


26 44 53 


PLATE Vil. 


Energy Curves and Line Spectram from Bolographs of 1898. 
hice of (i. Abbot. 


| 
: | 

if 

26 44 

39°30 3915 3900" 3845 

~ ; 


S. P. Langley—New Spectrum. 411 


theory though it has taken a dozen years to make it work well 
in practice, but it is working at last, and with this the maps in 
this volume of the “Annals” and that before us have been 
chiefly made. It is almost entirely antomatic, and as it is now 
used, a thousand inflections can be delineated in a single hour, 
much better than this could have been done in the half cen- 
tury of work just referred to. 

Briefly, the method is this. A great rock salt prism (for a 

glass one would not transmit these lower rays nor could they 
easily be detected in the overlapping spectra of the grating) 
is obtained of such purity and accuracy of figure, and so well 
sheltered from moisture, that its clearness and its indications 
compare favorably, even in the visible spectrum, with those 
of the most perfect prism of glass, with the additional advantage 
that it is permeable to the extreme infra-red rays in’ question. 
This prism rests on a large azimuth circle turned by clock- 
work of the extremest precisicn, which causes the spectrum to 
move slowly along, and in one minute of time, for example, 
to move exactly one minute of are of its length, before the 
strip of the bolometer, bringing this successively in contact 
with one invisible line and another. Since what is blackness 
to the eye is cold to the bolometer, the contact of the black 
lines chills the strip and increases the electric current. The 
bolometer is connected bya cable with the galvanometer, whose 
consequent swing to the right or the left is photographically 
registered on a plate which the same clockwork causes to move 
synchronously and uniformly up or down, by exactly one centi- 
meter of space for the corresponding minute. By this means 
the energy curve of an invisible region, which, directly is 
wholly inaccessible to photography, is photographed upon the 
plate. 
' Let it be noted that whatever the relation of the movement 
of the spectrum to that of the plate is, (and different ones 
might be adopted) it is absolutely synchronous,—at least to 
such a degree that an error in the position of one of these 
invisible lines can be determined, as has been stated, with the 
order of precision of the astronomical measurement of visible 
things. 

The results were before them in the energy curves and the 
linear infra-red spectrum containing over seven handred invis- 
ible lines. This is more than the number of visible ones in 
Kirchoff & Bunsen’s charts. The position of each line is fixed 
from a mean of at least six independent determinations with 
the accuracy stated above. 

The reader will perhaps gather a clearer idea of this action 
if he imagines the map before him hung up at right angles to 
its actual position, so that a rise in the energy curve given 
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would be seen to correspond to a deflection to the right, and a 
fall, to one to the left; for in this way the deflections were 
written down on the moving photographic plate from which 
this print has been made. The writer was now speaking of 
the refinements of the most recent practice; but there yas 
something in this retrospect of the instrument’s early use 
which brought up a personal reminiscence which he asked the 
Academy to indulge him in alluding to. 

This was that of one day in 1881, nearly twenty years ago, 
when being near the summit of Mt. Whitney in the Sierra 
Nevada, at an altitude of 12,000 feet, he there with this newly 
invented instrument was working in this invisible spectrum. 
His previous experience had been that of most scientific men, 
that very few discoveries come with a surprise; and that they are 
usually the summation of the patient work of years. 

In this case, almost the only one in his experience, he had 
the sensations of one who makes a discovery. He went down 
the spectrum, noting the evidence of invisible heat die out on the 
scale of the instrument, until he came to the apparent end even 
of the invisible, beyond which the most prolonged researches 
of investigators up to that time had shown nothing. There he 
watched the indications grow fainter and fainter until they 
too ceased at the point where the French investigators be- 
lieved they had found the very end of theend. By some happy 
thought he pushed the indications of this delicate instrument 
into the region still beyond. In the still air of this lofty 
region, the sunbeams passed unimpeded by the mists of the 
lower earth, and the curve of heat, which had fallen to noth- 
ing, began to rise again. There was something there. For 
he found, suddenly and unexpectedly, a new spectrum of great 
extent, wholly unknown to science and whose presence was 
revealed by the new instrument, the bolometer. 

This new spectrum is given on the map, where it will be 
observed that while the work of the photograph (much more 
detailed than that of the bolometer where it can be used at all) 
has been stated to extend, as far as regular mapping is con- 
cerned, to about 1-1: that everything beyond this is due to the 
bolometer, except that early French investigators had found 
evidence of heat extending to 1“8. Still beyond that wltima 
thule, this region, which he has ventured to call the “ New 
Spectrum,” extends. It will be found between wave-lengths 
and on the map. 


The speaker had been much indebted to others for the per- 
fection to which the apparatus, and especially the galvanom- 
eter, had been brought. He was under obligations particu- 
larly to Mr. Abbot, for assistance in many ways, which he had 
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tried to acknowledge in the volume; but before closing this 
most inadequate account of it, he would like to draw attention 
to one feature which was not represented in the spectrum map 
before them, although it would be found in the book. 

During early years the impression had been made upon him 
that there were changes in the spectrum at different periods of 
the year. Some of these changes might be in the sun itself ; 
the major portion of those he was immediately speaking of, he 
believed, were rather referable to absorptions in the earth’s 
atmosphere. 

Now these early impressions had been confirmed by the 
work of the observatory in recent years, and charts given in 
the volume would show that the sun, (being always supposed 
to be at about the same altitude, and its rays to traverse about 
the same absorbing quantity of the earth’s atmosphere,) the 
energy spectrum was distinctly different in spring, in summer, 
in autumn, and in winter. The lateness of the hour prevented 
him from enlarging on this latter profoundly interesting sub- 
ject. He would only briefly point out the direction of these 
changes, which were not perhaps to be called conspicuous, but 
which seemed to be very clearly brought out as certainly exist- 
ing. With regard to them he would only observe, what all 
would probably agree to, that while it has long been known 
that all life upon the earth—without exception—is maintained 
by the sun, it is only recently that we seem to be coming by 
various paths, and among them by steps such as these, to look 
forward to the possibility of a knowledge which has yet been 
hidden to us, of the way in which the sun maintains it. We 
were hardly beginning to see yet how this could be done, but 
we were beginning to see that it might later be known, and to 
see how the seasons, which wrote their coming upon the records 
of the spectrum, might in the future have their effects upon 
the crops, prevised in ways somewhat similar to those previsions 
made day by day by the Weather Bureau, but in ways infinitely 
more far-reaching; and that these might be made from the 
direct study of the sun. 

We are yet, it is true, far from able to prophesy as to coming 
years of plenty and of famine, but it is hardly too much to say 
that recent studies of others as well as of the writer strongly 
point in the direction of some such future power of prediction. 
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Art. XXXIV.—On Rival Theories of Cosmogony ;* by the 
Rev. O. FisHeEr, M.A., F.G.S. 


THE nebular hypothesis of the origin of the earth has 
of late been brought into competition with a meteoric theory, 
which supposes that our globe has been built up out of the 
conglomeration of a swarm of meteorites gradually falling in ; 
that it was never melted at its surface, and that it owes its 
internal high temperature to gravitational action upon the 
materials of which it is composed. Professor Chamberlin of 
Chicagot is of opinion that these meteorites formed “a swarm 
or belt revolving about the sun in the general neighborhood of 
the present orbit of the earth.” If that was the case they did 
not belong to the class of meteorites which we still encounter 
in the shape of “stones” and “irons” that reach us from 
regions, as it is believed, beyond the solar system, although 
they may be supposed to have been petrologically similar. 

Probably physicists would feel no difficulty in admitting 
that an earth so formed would continually assume the sphe- 
roidal shape appropriate to the speed of rotation, so that any 
objection on that score may be passed over. 

t is not intended either to advocate or oppose the meteoric 
theory, but it may be useful to draw attention to some consid- 
erations which may help us to form an opinion upon its merits, 
as contrasted with the nebular hypothesis. 

In the first place, if the meteorites were similarly consti- 
tuted to those which sporadically reach us now, a difficulty, 
perhaps more apparent than real, arises in liméne; because, 
although no elements occur in these which do not also occur in 
our rocks, nevertheless they differ greatly in the arrangement 
of these elements. For instance, free silica, which is one of 
the most abundant constituents of terrestrial rocks, is not 
known in that form in meteorites.t It may perhaps be con- 
ceded that a swarm of meteors, being as it were thrown into 
hotchpot, the minerals might emerge rearranged in such com- 
binations as we find in the earth’s crust, and that the deeper 
strata, which are concealed from us, might become proportion- 
ally poor in those common minerals, having by loss of them 
enriched the more superficial rocks which we can examine. 
The possibility of such a process involves considerations upon 
which we shall enter further on. 

Ignorant as we are about the internal constitution of the 


* Received from the Author. 

¢ Journal of Geology, ‘‘On hypotheses bearing on climatic changes,” 1897. 
Science, June 30th, 1899, ‘On Lord Kelvin’s estimate of the age of the world.” 

¢ Sir Norman Lockyer, “The Meteoric Hypothesis,” p. 23. 


I 


O. Fisher—Rival Theories of Cosmogony. 415 


earth, there are two things about which we may feel tolerably 
certain, and these are, first, that the law of internal density is 
fairly represented by what is known as Laplace’s law, which 
depends upon the assumption that the increase of the square 
of the density varies as the increase of the pressure. Hence 
we can decide approximately what the density will be at any 
given depth. The other fact, upon which we may feel assured, 
is the high internal temperature of the earth. It is proposed 
to enquire how these facts may severally be accounted for on 
the meteoric theory. 

Let us consider first the question of densities. If the earth 
was built up of meteorites, these may be expected to have 
come in promiscuously—not all the heavy ones first and the 
lighter last. We may provisionally assume that their average 
density may have been nearly that of the present surface den- 
sity, usually taken as 2°75. If this is too low, the arguments 
based upon it will not be affected in any great degree. 

The high central densities may then be due to one of two 
causes, to compression, or to a higher intrinsic density owing 
to a rearrangement of the material. And first of compression. 

In the Appendix to my “Physics of the Earth’s Crust,” I 
have said that, “In order to form an idea of the nature of the 
matter of the interior which would cause density to vary 
according to Laplace’s law, let us suppose a globe unaffected 
by gravity composed of layers of varying compressibility, but 
of Sonali everywhere the same as that of surface rock, and 
then suppose gravity to act upon it, and to reduce it to the 
size and density of the existing earth. This wiil give an idea 
of the law of compressibility of matter of surface density at 
various depths, which would be suitable to sustain the pres- 
sure, so as to bring the law of density into accordance with 
Laplace’s law.”* 

Since the pressure and density at # given depth are fixed 
quantities, it follows that the compressibility at that depth 
must have a special value if the pressure there is to reduce 
matter of surface density to the required local density. For 
if the compressibility is too great the matter will become too 
dense, and if it is too small it will not become dense enough. 
The result which I obtained shows that the compressibility 
must decrease rapidly as the density increases, for, if the com- 
pressibility were to remain the same all the way down, the 
material in the lower depths would be very much more dense 
than, according to Laplace’s formula, it actually is. My formula 
shows that in order to obtain this special compressibility meas- 
ured in atmospheres per square foot at the depth where the 
density is p, we have merely to divide 3°6069 x 10-* by the 


* Appendix to “ Physics of the Earth’s Crust,” p. 30, 1891. 
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value of p (p+) using s for the surface density. Thus for 
instance at the depth of 400 miles, where by Laplace’s law the 
density is 3°88, the compressibility would have to be 3°6069 x 
10-° + 3°88 x (3°88 + 2°75), which makes it 1°4021 x 10~°. 
This may be looked upon as a small compressibility, seeing 
that the compressibility of water similarly measured is 4°78 x 
10-° or nearly forty times as great. The condensation at this 
depth would be (3°88 — 2°75) + 3°88 or about 0°29 and conse- 
quently the linear dimension would be reduced by about one 
tenth. 

At the center the compressibility similarly measured would 
be very small, viz., 2°5 x 10-’ while the condensation would 
be large, viz., 0°744. 

It appears, therefore, that if matter of the density of rock at 
the earth’s surface can be reduced to the density matter has in 
the deep interior, it must at one and the same time be capable 
of being compressed into a much smaller volume than it origi- 
nally occupied, and also it must be in a condition to require 
enormous pressure to effect that condensation. Now it does 
not seem probable that any solid substance would possess these 
properties, nor yet a liquid, but a hot gas would. Hence we 
seem driven to the alternative to enquire whether the deep 
interior consists of surface rock in the state of a heated gas, or 
whether it consists of matter such as iron or other metals 
intrinsically of the required density and either in a solid or 
a liquid state ; because if the matter be gaseous, there would 
be no segregation of elements in it. 

The above alternative when applied to the meteoric theory 
leads us to enquire in the first place whether rocky matter 
’ could by any amount of heat be reduced to the state of gas. 
The competing nebular hypothesis assumes that it can. Sec- 
ondly, if that be the case, could the gas be compressed until it 
became more dense than the matter was in its solid state? It 
would be difficult to prove that it could not. Thirdly, would 
the necessary temperature be acquired under these circum- 
stances? On this point ,I have made some calculations, and it 
appears that the temperatures produced: by the condensation 
would be so inconceivably high that no substance capable of 
vaporisation could withstand them. 

hese calculations cannot of course pretend to any degree 
of accuracy, because they assume that the specific heat through- 
out the process of condensation continues as at first, although 
no increase of specific heat could alter the order of their mag- 
nitude; neither do they take account of the latent heat 
absorbed in passing from the solid to the fluid states. Never- 
theless the results will be sufficient for the enquiry at hand. 
But before passing on to the question of temperatures, and 
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reverting to the expression for the compressibility, measured 
in atmospheres per square foot, which would reduce matter of 
the density of surface rock (s) to the density (p) which obtains 
at a given depth, it is as already stated 3°6069 x 10~° + p(p +8). 
Now this gives a law of compressibility for all depths, and if 
we follow it up to the surface, giving to p the value s, we 
obtain the corresponding compressibility for surface rocks, viz., 


3°6069 X + 2 (2°75)? or 2°3847 x 


It will be interesting to enquire whether this value, which has 
been obtained without any reference to experiment, comes any- 
where near the value of the compressibility of surface rock as 
determined by actual trial. 

It does not appear that any direct measurements of the com- 
ressibility of rocks have been carried out; but the values of 
Young’s modulus (M), and of the modulus of rigidity (»), have 

been obtained in some instances. From these the compressi- 
bility 1/4 can be found by a known formula.* It is obvious 
that any experiment which gives 1// negative must be set 
aside as fallacious. 

All the estimates which have been made have been recorded 
in C.G.S. units. Dr. Knott+ gives certain constants which he 
considers a “fair approximation” in the case of “ fairly solid 
rocks.” From these it is possible to calculate their compressi- 
bility by the formula, and it comes out 6°67 x 107”. 

Dr i. Nagaoka has also measured these constants for many 
rocks and has found for six different specimens of granite the 
following values of Young’s modulus M, and the coefficient of 
rigidity 

1 z 3 4 5 6 
M 42°31 19°63 14°98 28°48 10°93 x 
n 18°43 13°99 6°89 5°05 4°47 4°43 x 10" 


Since & must be positive No. 5 must be rejected. No. 2 is 
not complete. The values of 1/k (the compressibility) caleu- 
lated for the remaining four are 


In C. G. S. units. In atmospheres, 
(1) 4:99 x 107” 5 x 10-° 
3) 1/k= 2°31 x 10-” 3 x 
4) 1/k= 5°74 xX 10-” 
(6) 14:46 x 10-" 14 x 10~° 
and Knott’s 1/k= 6°67 x 10-" 8 x 10-* 


1 9 $8 
It is; M 


n 

+ Transactions Seismological Soc. of Japan, vol. xii, p. 119, 1888. 
tSee Publications of Earthquake Investigation Committee in Foreign Lan- 
guages, vol. iv, p. 58. Tokio, 1900. 
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All these were measured in C. G.S. units, in which the unit 
of pressure is one dyne per square centimeter. To convert the 
value of the compressibility 2°3847 x 10-° which we have 
obtained theoretically for atmospheric pressure into the same 
C. G. 8. units, we must divide it by 1-014 x 10° and the result is 


1/k = 2°352 x 107. 


It is certainly not a little remarkable how closely this value 
ranges with those found by experiment. It is of the same 
order of magnitude but rather smaller than the average. But 
it will be noticed that Dr. Knott says of his experiments that 
they were made on “fairly solid rock” and our calculation 
clearly would refer to rocks thoroughly solid, for the specific 
gravity of surface rock which enters into our calculations has 
no reference to rigidity. We might, therefore, expect our 
value to be small. 

We find here a somewhat strong presumption in favor of 
the view that the earth consists throughout of matter not very 
dissimilar from what we know at the surface, and that the 
internal densities are due rather to condensation than to the 
presence of heavier substances such as metals. But it is not a 
proof of this. 

Let us next consider what the alternative view of the greater 
density towards the center being due to heavy metals involves. 
We may probably dismiss the supposition that these all fell in 
first, and only regard them as segregated from a uniform mass 
of some kind, and having gravitated towards the center. This 
implies a condition of liquidity. If the materials were solid 
this separation could not have occurred. Now the only force 
that we know of that could cause the denser materials to move 
by a kind of convection towards the center is gravity; and in 
a solid gravity would not have that effect. Moreover, it must 
not be forgotten that gravity continually diminishes as we go 
deeper into the earth, and that at the center bodies have 
actually no weight. It is greatest at the surface, and if not 
competent to segregate downwards the heavy particles of a 
rock at the surface, which we know it is not, still less could it 
have that effect near the earth’s center. 

Neither can we attribute this segregation to pressure; for 
pressures act equally upon the surface of heavy or light mate- 
rials. If we had a layer of mixed shot and sand, no steady 
pressure laid upon it would force the shot to the bottom and 
bring the sand to the top. 

It seems, therefore, that the view that the denser materials 
in the interior consist of heavy metals necessitates a condition 
of liquidity of the whole, which accords more readily with the 
nebular than with the meteoric theory of its origin. For we 
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may imagine that in a nebular mass cooling from the exterior, 
the first change from a nebulous or gaseous state would be the 
formation of a rain of condensed particles falling downwards, 
which would continue until the whole mass became liquid, and 
thus the heavier elements would begin to collect towards the 
center. In this case the highest possible interior temperature 
would be that at which the gaseous first assumed the liquid 
condition under the pressure at the depth. 

Paradoxical as it appears, it is therefore possible that the 
temperature in the interior may have been rendered higher by 
a conglomeration of cold solid meteorites than by the cooling 
of a nebula. 

We have no means of judging whether the meteorites would 
come in rapidly or slowly, but in either case if we take no 
account of the heat arising from impact, the amount produced 
by condensation would be the same; the only difference in the 
two cases being that it would be generated in a less or greater 
time. In the meanwhile a covering of a badly conductin 
material would concurrently accumulate, preventing the noid 
escape of this heat, and at the same time increasing the pres- 
sure, the compression, and the heat. 

To form an idea of the temperature which would be pro- 
duced by the condensation of matter of surface density to the 
density now existing at any given depth within the earth, not 
taking into account its diffusion by conduction or otherwise, 
we require to know the work which has been expended upon 
it iow we can estimate this in the following manner. Con- 
ceive the earth to have been built up of meteorites falling in, 
so that shell after shell accumulated until the globe attained 
its present size. Then, fixing the attention upon a particular 
unit volume, say a cubit foot, of the substance, and omitting 
atmospheric pressure, it would successively be subject to every 
degree of pressure from zero, when the shell of which it 
formed a part was not covered up, until the present pressure 
was reached, when it was buried to the depth at which it now 
lies. If then we know the relation between the pressure and 
the compression at every depth at the present moment, it will 
give us the relation between the pressure and the compression 
which that particular volume has obeyed during the course of 
ages; that is to say, we can judge how much compression any 
given pressure would have produced in the substance under 
the conditions involved. 

Laplace’s law of density being based upon the assumption 
that the increase of pressure within the earth is proportional 
to the increase of the square of the density, in terms of a 
pressure of one pound upon the square foot, this leads to the 
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result, that the pressure at the depth where the density is p is 
equal to 10’ (p* — 

If we accept Laplace’s law, this expresses a fact, whether the 
inerease of density is due to condensation by pressure or to 
increased density in the intrinsic nature of the matter. But if 
we assume that the increase of density is caused solely by the 
pressure, then the above relation gives the amount of pressure 
which would reduce matter of density s to matter of density 
p under the circumstances existing within the earth. It will 
therefore remain true if the matter changes its state from solid 
to liquid, and from liquid to gas. If, for instance, we wished 
to apply a pressure which would reduce surface rock to the den- 
sity 3, it ought to be 5-9 x 10’ (9 — 2°75") = 8-481 x 10’ pounds 
per square foot, supposing no heat be allowed toescape. If the 
experiment could be made, it would afford a test of the truth 
or otherwise of the present hypothesis. 

When we know the relation between the pressure and the 
condensation which it would produce, it is feasible to estimate 
the heat which would be generated, and also the temperature, 

rovided we assume the specific heat of the substance, which 
for surface rock has been determined. For instance, at the 
depth of 0-1 of the radius, or about 400 miles deep, where the 
density would be 3°88, the temperature produced by condensa- 
tion would be 1:2608 x 10° Fahr., or 7°0044 x 10* Cent., while 
at the center the figures would reach 2°7756 x 10° Fahr., or 
1:0242 x 10° Cent. It seems at any rate that the meteoric 
theory would not fall short of accounting for temperatures as 
high as might be desired. It must at the same time be remem- 
bered that much of this heat would not be called into exis- 
tence until the substance into which it was, as it were, being 
squeezed, had already been deeply buried under a badly con- 
ducting covering, so that the escape of the heat would not 
take sine as fast as it was generated, as would probably be the 
case with heat generated at the surface by impacts. Thus the 
hypothesis that the present high internal temperatures are due 
to compression seems quite admissible. 

We may compare the above named temperatures with some 
that are known. Acheson, for instance, obtains 6500° Fahr. in 
his Carborundum electric furnace, and 3300° Fahr. has been 
obtained by the.oxyhydrogen flame: These temperatures are 
contemptible compared with those mentioned above. The 
Hon. Clarence King, prolonging Dr. Barus’ line* for the melt- 
ing point of diabase (which is 1170° C. at the earth’s surface) 
to the earth’s center, gives the temperature 76000° Cent., which 
is of the same order of magnitude as condensation would pro- 
duce at only 400 miles depth. 


* This Journal, Jan., 1893, p. 7. 
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But an observation of interest as bearing upon the present 
question was made by Professor Bartoli. He found that the 
temperature of the lava issuing from a subterranean outlet at 
Etna was 1060° C. or 1932° Fahr. 

Now if we calculate the increase of density corresponding 
to the above temperature it comes out 0°120. The rate of 
increase of density near the surface is about 0°056 for 20 
miles. Hence the depth, at which this lava temperature would 
according to the hypothesis be produced, would be about 48 
miles. If we calculate the depth at which the same tempera- 
ture might now be expected to occur with the commonly 
accepted gradient of 1° Fahr. for 60 feet, it appears to be 22 
miles. It seems then that the hypothesis, that the internal 
densities are due to the condensation of matter of surface den- 
sity, will not account for a temperature gradient originally as 
high as at present. Nevertheless the above observation upon 
the temperature of lava, and the comparatively small depth, 
20 miles, at which condensation of rock would be capable of 
producing it, together with the small amount of condensation 
necessary, viz., 0°041, render it quite probable that fusion may 
have ensued in the deep interior without the necessity of a 
greater amount of condensation than such materials might be 
supposed capable of under the enormous pressure to which 
they would be subjected, even allowing for the increase of the 
melting point under pressure. In this case we might accept 
the second alternative, and attribute the high density of the 
more central parts to the accumulation of the heavier elements 
by gravitation. In this manner the materials of iron meteor- 
ites would fall toward the center. It will be noticed that a 
compression less than would be requisite of itself to produce 
the necessary density would be sufficient to produce the requis- 
ite temperature for fusion. But while any stratum was cooling 
by the conduction upwards of its own heat of compression, it 
would be receiving heat from regions below, where, so long as 
condensation was going on, the materials would grow hotter 
and hotter. It seems therefore possible that the upper layers, 
forming what we call the crust of the earth, may have received 
sufficient heat supplied from below to render the temperature 
gradient at the present time higher than it was originally, and 
that even those Archean rocks, which are by many thought to 
have been once melted, do not necessarily prove that the earth 
was not built of cold meteorites. 

The presence of water upon the earth has to be accounted 
for, and the meteoric theory does not easily lend itself for this 
purpose. Not only is water present in the ocean and in the 
atmosphere, but also in a state of solution in the interior, as is 
testified by the enormous amount of steam emitted by vol- 
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canoes, and by cooling lava. It does not seem possible that 
molten rock can imbibe water from without, because it would 
be driven away instead of attracted, since the superficial ten- 
sion of a substance diminishes as the temperature rises.* The 
writer has given his views (whatever they may be worth) upon 
this question in his Physics of the Earth’s Crust+ where he 
assumes the truth of the Nebular Hypothesis. He does not 
hold a brief for either theory. If the above remarks prove of 
any service in assisting in elucidating the question of the 
greater probability of either theory, his object will be gained. 
Astronomical considerations he leaves to astronomers, among 
whom there does not at present appear to be unanimity of 
opinion upon the subject. 


* Maxwell's Heat, 5th ed., p, 294. 
+ 2d ed, p. 148, 


Cambridge, England. 
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Art. XXXV.—A Study of some American Fossil Cycads. 
Part IV.* On the Microsporangiate Fructification of 
Cycadeoideat ; by G. R. WIELAND. 


In this Journal for March, 1899, the writer presented in a 
preliminary manner the first definite knowledge of male fructi- 
_ fication in the Bennettitacese.t This was done at some length, 
although the materials then studied represented only the 
beginnings of the great collections now available, while the 
nature of the preservation in the examples first selected for 
investigation somewhat obscured the characters of certain 
structures of fundamental importance. But these studies 
have now so far progressed that the writer feels that it is 
necessary to return to this topic. Its final consideration is, 
however, reserved for a monograph on the entire subject, at 
present actively in course of preparation. 

In the contribution just mentioned, after describing the 
principal parts present in the pollen-bearing fructification of 
Cycadeoidea ingens Ward, the writer et the archaic type 
of the sori, and distinctly stated their Marattiaceous character, 
together with the fact of the exceedingly clear additional testi- 
mony which these hitherto unknown fructifications offered in 
favor of the belief in the direct descent of the Cycads from 
such tree ferns as the Marattacese. Moreover, in describing 
the arrangement of the fundamental parts, the writer said : 


“With regard to the homologies of these structures several 
-facts are worthy of mention. The radial divisions occurring in 
the summit (of the fructification) are found to persist for a con- 
siderable distance downwards, and under the microscope are seen 
to consist in two lignified layers a single cell in thickness. They 
correspond to the twelve vertices of soral distribution mentioned 
above, and their presence is against the idea that the soriferal 
axis is derived from the fusion of the sporophylls of a male cone 
like that, for instance, of Zamia integrifolia. Another and 
much more tenable hypothesis is that the soriferal (sorus-bearing) 
axis is a series of twelve fused leaves (or fronds) with their sorus- 
bearing pinnules turned inwards.” 


* Parts I-III of these studies appeared serially in this Journal for March, 
April, and May, 1899. 

+ It is deemed advisable to retain for the present the generic name Cycadeoidea 
Buckland, although it is, of course, certain that if Bennettites is to stand, as it 
probably must, there are well-marked American species of this genus. The 
writer will defer proposing any changes of generic or other names until making 
a final publication. 

¢ A Study of some American Fossil Cycads, Part I. The Male Flower of 
Cycadeoidea, with Plates II-1V, pp. 219-226, Fourth Series, Vol. VII. 
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The above interpretation and conception of the male cycad 
inflorescences of the type then considered, I have now, from 
extended study of much additional material in a far superior 
state of preservation, confirmed as wholly correct.and express- 
ing their nature with precision. Defined in more detail, 
this unexpanded fruetification or strobilus is a series of from 
twelve to twenty closely appressed fertile, morphologically 
Marattiacean fronds, of semicircinnate prefoliation (or better, 
inflexed prefloration), with twenty or more pairs each of simple 


and reduced synangia-bearing pinnules,—these fronds being | 


inserted so closely as to appear on the same level, and fusing 
basally so as to form an hypogynous staminate disk enclosing 
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FIGURE 1.—Cycadeoidea. Diagrammatic sketch of longitudinal sectton through 
the bisporangiate strobilus. At the center is the apical cone closely invested by 
a zone of short-stalked abortive (?) ovules and interseminal scales. On the left 
is a single frond of the hypogynous staminate disk, with much reduced pinnules 
bearing densely crowded synangia. On the right a similar fertile frond is arbi- 
trarily shown in an expanded position. Exterior to the fronds are the hairy 


bracts. About } natural size. 


a receptacle ending as a conical-shaped abortive (?) ovulate 
strobilus. The essential organs are surrounded and in the 
earlier stages enclosed by a series of acuminate and regularly 
imbricating hairy bracts, the entire inflorescence developing 
between the leaf bases, and later emerging, as in the case of 
the well known functionally ovulate strobili of Cycadeoidea 
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(Bennettites) Gibsonianus and Moriérei. See figure 1. Plates 
III and IV, given in Part I of these studies, may also be 
referred to. 

In the inflorescence first studied there is, as was then men- 
tioned, a large slightly conical central cavity with much chal- 
eedonized borders covered by a druse of quartz crystals, 
beneath which in just one small area about a millimeter in 
length and inside the innermost synangia, there was originally 
noticed a slight palisading which was at the time regarded as 
simply an accident of silicification. But as verified over and 
over since from material in the most wonderful degree of 
preservation and beautiful differentiation of tissues by a natural 
iron staining, this small area indicated a notable fact had we 
known how to interpret it. The central axis, or receptacle, 
bearing the fertile fronds with their petioles folded back once 
adaxially, terminates as a much elongated conical, and prob- 
ably in most if not in all cases abortive, ovulate axis. This 
central and apical structure is preserved in several instances in 
such perfection of essential parts and bundle systems that not- 
withstanding its young and undeveloped cordition, and the 
minuteness of its ovules, the most accurate comparisons can be 
made between it and obviously functional ovulate strobili. 
That these apical ovulate axes are of essentially the same 
structure as the more rotund to distinctly globular and much 
larger seed-bearing strobili borne on the same trunk in the 
case of such species as Cycadeoidea dacotensis, Marshiana, 
and some others, admits of no doubt. All the evidence in 
favor of the absence in these latter of fugacious organs of 
staminate character, and their solely feminine function, cannot 
now be conveniently given. But it led the writer to announce 
Cycadean Moneecism for the first time in this Journal for 
August, 1899 (vide page 164). The evidence which I have 
thus far been able to produce points well nigh indubitably in 
the case of the species just mentioned to a moneecious condi- 
tion, the pollen-bearing axis being in this case morphologically 
but not functionally bisporangiate. The existence and impor- 
tance of these bisporangiate axes was first announced by the 
present writer in the Yale Scientific Monthly for March, 1900, 
at which time somewhat extended study of them had already 


been .made. 


Before taking up the subject of what I here designate the 
staminate fronds, several remarks concerning data now con- 
sidered in part may be recorded. 

The presence on the same trunk of markedly different and 
much larger ovulate strobili surrounded, so far as my sections 
thus far completed show, by sterile bracts only, would indicate, 
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_ as just stated, that the ovulate portion of the microspore bear- 

ing axis 7s abortive. But that it was once not far previous in 
the history of these plants strictly functional, is scarcely to be 

uestioned from the perfection with which it has persisted in 
the presence of similar but more robust seed-bearing axes 
which have failed to produce basally, fertile microspore bear- 
ing fronds. This bisporangiate axis is, therefore, very signiti- 
cant, though in a lesser degree paralleled by the even closer 
association of staminate and ovulate organs in Welwitchia mira- 
bilis, or Tumboa, among the existing Gymnosperms. It also 
recalls the fact that, as suggested by Sekinger (Zittel’s Handbuch, 
Palaeophytologie II, page 247), Cordaianthus Penjoni may have 
borne apical ovulate structures after the manner of Welwitschiu. 
My present view of the central axis is that it represents a syn- 
thesis of carpellary but not staminate leaves, as suggested in 
the case of Williamsonia by Saporta (Plantes Jurassiques), 
and that it may further be regarded as essentially a modified 
cone. The ovulate inflorescence of these Cycads, therefore, 
underwent far more evolution than the staminate organs by 
which it was surrounded, the latter retaining a quite primitive 
structure. Though as will be again noted, the case is in this 
respect exactly paralleled from the opposite side in the living 
Cycas, where the staminate organs are modified and arranged 
in conical order, while the carpels have retained a very primi- 
tive form and position. Although difficult hence to surmise 
whether the bisporangiate axis is the most primitive condition 
leading into the gymnosperms, it is at least clear that it occurs 
more frequently in the older forms, and that in this group the 
process of evolution has led away from such an axis by grada- 
tions of moncecism and finally dicecism. 

It might be hastily said that these bisporangiate axes show 
no more essential relationship to angiospermous flowers than 
do the gymnosperm strobili hitherto known. And certainly 
the testimony of fundamental importance which they do offer 
has mainly to do with between the Pterido- 
phytes and the Gymnosperms. But this suggestion is here 
emphasized: While the staminate disk surrounding the ovu- 
late axis of Cycadeoidea indicates primarily an evolution 
terminating, so far as now possible to trace, in the Gymno- 
sperms, the juxtaposition of parts is eaceedingly suggestive of 
the possibility, if not the manner as well, of angiosperm devel- 
opment directly from pteridophytic forms. For in these 
strobili the sporophylls are organized into a flower, as I justly 
applied the term in Part I of these studies, foreshadowing 
distinctly the characteristic angiospermous arrangement of 
stamens inserted on a shortened axis about an ovulate center, 
apical and sometimes strobilar as seen in Liriodendron. On 
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the basis of evidence afforded rather by the ovulate inflores- 
cence, Saporta in his study of the French Bennettitacee given 
in his Plantes Jurassiques, has introduced for this group 
together with Ywecites, Goniolina, and several others, the 
name proangiosperms. And Scott has thus stated his opinion : 
“Tf by the name proangiosperms we simply mean to indicate 
plants with a near approach to angiospermous structure with- 
out implying any relationship to the class angiosperms as now 
existing, the Bennettiteze may well be called proangiosperms.” 
This latter view is seen to be distinctly strengthened by the 
additional evidence here adduced. 

The term staminate frond, as above introduced, will, how- 
ever, certainly be found a necessary and convenient one, it 
being quite evident that the “male flowers” of Gingko, for 
instance, have also retained traces of frond structure character- 
izing forms ancestral to this genus, an intermediate stage of 
which is seen in Baiera Miinsteriana Heer from the Rhiit of 
Baireuth. These latter also recall the “stamens ” of Cordaites. 


Before more particularized deductions can, however, be 
attempted with any degree of safety whatever, this investigation 
must be carried much further. For while the plants from 
which the facts of the present contribution have been deter- 
mined were not only preserved at such a critically important 
stage in their fructification, but of their life history as well, 
the very extent of the comparisons possible makes their com- 
pleted study a prior necessity. While it is true that their 
proliferous habit has greatly aided and simplified their investi- 
gation up to a certain point, a particular fructification as 
selected for study requires much comparison, as it represents a 
particular stage of development, as a rule one comuwhat previ- 
ous to that of maturity. Whereas the mature fruit represents, 
of course, the last stage in a series of changes certainly here 
requiring a year or more. It is hence necessary to bear in 
mind that in the case of very young stages of ovulate strobili 
certain structures may be undeveloped—to say nothing of the 
exigencies of silicification! Again in-the maturer stages it is 
necessary to determine whether or not fugacious organs have 
earlier been present. The facts as announced are, therefore, 
the writer’s present interpretation as based on observations 
which he hopes very greatly to extend before dealing with the 
subject finally, the entire arrangement of fructification as here 
described being, as the reader will have already noted, exactly 
the one most capable of variation and the most difficult to 
delimit. Happily at the same time the wealth of additional 
knowledge furnished by these structures promises to equal all 
that the most sanguine paleobotanist could have hoped for. 
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_ As now understood, however, in Cycadeoidea dacotensis 
Macbride, C. Marshiana Ward, and several other species, 
moneecism is indicated. In the series of species which includes 
Cycadeoidea (or Bennettites), Gibsonianus, Moriérei, and 

telandi, there is every probability of dicecism. While in 
the forms immediately ancestral to those under discussion, and 
as now seems possible, including Cycadeoidea etrusca, it is 
probable that the fructifications were potentially bisporangiate 
and had continued so from far back towards the time when 
ancestral Marattiaceze attained heterospory. It is hence not 
unlikely that within the next few years all these forms of 
fructification will be found very definitely exhibited in cycadean 
forms of the Mesozoic. 

The description of the expanded flowers with complete 
restorations of typical forms of these cycads in full leaf and 
fruit, all the details for which are now at hand, being reserved 
for the final publication, it remains to consider briefly the 
microsporophylls, or staminate fronds, and also to present cer- 
tain general conclusions based upon their structure and strobilar 
association. 


The Staminate Fronds. 


As has been explained above, the most fundamental feature 
of the bisporangiate strobilus is a staminate or pollen-bearing 
frond. The petiole of each frond, as seen in unexpanded stro- 
bili which have begun to emerge from the surrounding leaf 
bases, and which bear approximately mature pollen, is about 
10 centimeters in entire length as folded back once adaxially 
along the central ovulate axis. The pinnules inserted on all 
that portion of the petiole as seen to rise and then curve inwards 
to,form a member of the still folded group, are simple, very 
thickly set with synangia in nodes, and folded back in closely 
appressed drooping pairs towards the axis of the receptacle, 
between the ascending and descending segments of the petiole. 
(See figure 1.) But on the upper portions of the frond as 
seen in this infolded position, or inflexed prefloration, turned 
downward and lying clcsely appressed to the surface of the 
central ovulate cone, the pinnules lie in an outwardly and then 
more and more upwardly directed position, though of course 
becoming more and more inconspicuous towards the tip of the 
frond. And it is also a very interesting fact that the. upper 
portion of the petiole is at first much compressed laterally, but 
as the tip is approached becomes expanded into a broad lamina 
much as in the ovulate fronds of Cycas. Of the pairs of sim- 
ple pinnules there are about twenty, including the abortive and 
smaller ones near the base of the frond as well as those near the 
- tip, the first and last fertile ones bearing but a single synangium. 
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The largest pinnules are borne on the central portions of the 
frond. They are 1°5 centimeters in length and bear from twenty 
to thirty synangia attached to eight or ten closely set nodes. 
There is here seen, therefore, in the arrangement, form and pre: 
foliation a characteristic fern frond, although in the vascular 
bundles, the entire system of which is indicated by beautifully 
preserved xylem, there is an advance in the direction of the 
cycads, by the way, we venture to think of structures of cycado- 
filicinian type. The statement previously made that this frond is 
morphologically Marattiacean is however based more particularly 
on the histology of the synangia. Their resemblance to those 
of living Marattiacez is a striking one, and involves facts of 
far-reaching significance. In size, position, arrangement of 
the sporangia in two parallel rows extending the full length 
of the synangium, and in dehiscence, they resemble such spe- 
cies as Marattia levis, or cicutefolia, there being a tendency 
to greater breadth, a larger number of sporangia, and a slight 
variation in contour due to appression in interlocking series. 
But comparisons may be made quite final since the micro- 
scopic structure of these silicified synangia is preserved entire, 
bearing in mind that certain cell layers may have already 
broken down in life at the particular stages of development 
approaching maturity which most freely permit study. Asa 
matter of convenience, I shall hence describe more fully than 
I have previously, the typical sorus, or better synangium, as 
seen in such representative species as Cycadeoidea ingens, 
upon which the first descriptions were based, and C. dacotensis, 
also briefly mentioned and figured in Part III of these studies. 
(This Journal, May, 1899, Plate X, figures 17 and 18, with 
text figures 3-16.) 

The pendent synangia, as stated, are thickly set in nodes, 
being borne on very short stems. See figures 2 and 3. 

Externally the synangium is covered by a layer of heavy 
walled palisaded cells a single cell in thickness, thickest near 
the base of the synangium, and thinning out somewhat as it 
approaches the apical median line, which is that of dehiscence. 
Just inside this outer palisaded tissue there is a layer of thin- 
walled 6 far pe cells, also usually a single cell in thickness 
along the lateral wall of the synangium where the individual 
cells readily collapse, but growing smaller celled and firmer 
about the bases of the sporangial loculi, and widening out to 
form the principal ground tissue of the short stem of the 
synangium as it becomes confluent with the sporophyll. Next 
to the parenchyma layer lie the sporangial loculi, delimited 
by deeply iron-stained bands made up of wholly indistinct 
cell remnants apparently septal in character, with much col- 
lapsed pollen a x No other tissue than that indicated 
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by these bands separated the adjacent loculi. On the inner 
side of each row of loculi as thus delimited there is, finally, a 
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Figure 2.— Cycadeoidea dacotensis Macbride. Transverse section of adjacent 
In the central synangium the outer covering of heavy walled pris- 


synangia. 

salle calle is seen to be followed by a thin-walled layer. Adhering to this are 
the sporangial loculi closely ranged on each side of the synangium in two rows. 
Each loculus is delimited by bands of collapsed cells with adhering pollen grains, 
and each row of loculi is bounded on the inner side by well defined tissue a single 


cell in thickness, except between the angles of adjacent loculi, where there is a 
thickness of several cells. This layer thus bounds the two opposed inner faces 
It is usually split on the median line of the sporangia, and 


of the synangium. 
the striate appearance of its elongate cells when cnt obliquely is indicated in 


several instances. 

The tips of the three synangia on the left side of the figure are seen to be 
oriented nearly at right angles to the others, being cut very obliquely. At the 
lower left-hand corner portions of two transversely cut sporophylls are seen. 
x30. (Based on section figured in Part III of these studies, Plate X, figure 17. 
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well defined layer of small elongate cells, a single cell in thick- 
ness, or several cells in thickness between the angles formed 
by adjacent sporangia, and thus covering the entire inner face 
of the synangium, as early cleft down to the sporangial bases. 
‘(See figure 3.) 

Along the inner middle surface of each sporangium this 
tissue weakens to form a well marked dehiscent line, along 
which splitting is frequently seen to have taken place in unex- 
panded stages of frond growth, though 
such premature dehiscence is probably 3 
due to the process of silicification. 

Recapitulating, then, the principal fea- 
tures of the a are: First, the 
outer palisaded wall tissue; second, the 
delicate thin-walled layer usually collaps- 
_ ing or failing of well marked preservation ; 

third, the sporangial loculi containing 
much well-preserved pollen but delimited 
only by dessicated pollen grains or col- 
lapsed remains of cells; and fourth, the 
thin elongate-celled layer bounding the 
suleus between the two rows of sporan- 
gia :—dehiscence of the synangium taking 
place early along the median apical line, 
and of the sporangium, longitudinally 
along the inner median line, as in the 
genus Marattia, not Dane. 

Regarding the character of the tissue 
bounding the sporangial loculi a word 
remains to be said. - The yellowish-brown — pyguae 3.— Cycadeoiden 
iron-stained band, mentioned above, is dacotensis Macbride. Lon- 
more distinct in the less advanced stages gitudinal transverse seo- 
observed thus far, but in all cases the giowing attachment to 
collapsed remains of cells composing it so the sporophyll, the sev- 
uniformly lack structure that it has not ¢ré! layers of the synan- 
yet proven possible to determine the true Sit! Wah jis dehiscence, 
character of the locular wall, as to whether sporangia, and the median 
wholly septal, or in part tapetal. It sulcus or fissure between 
wad appear,. however, that it may have 
been two cells in thickness, rather than jg characteristic. 37. 
one, in this respect approaching the con- 
dition of the crushed double layer of wall cells observed by 
Lang in Stangeria paradoxa. See Lang, Studies in the 
Development and Morphology of Cycadean Sporangia, Plate 
XXII, figures 15 and 16. If by any chance the colored band 
represents a long persistent but finally crushed tapetum, the 
condition represented would be quite identical layer by layer 
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of cells (in the transverse longitudinal section only) with that 
seen in a similar section of a nearly mature sporangium of 
Ang lopteris evecta given by Campbell in his ‘“‘ Mosses and 
Ferns,” fig. 143. The greatest difference would lie, of course, 
in the absence of a rudimentary annulus, and the strong 
development in the present forms of the outer prismatic layer 
with the projection of its two valves beyond the sporangia to 
meet lip-like on the line of dehiscence. It should be stated 
that it would appear from the investigations of Bower (Studies 
in the Morphology of Spore Producing Members) that the con- 
dition figured by Campbell is not the usual one observed in 
Angiopteris. If, however, it should approximate the condi- 
tion seen in these fossil forms, we would then have indicated 
in them imperfect septation of the loculi carried to a high 
degree, an anomalous condition frequently noted in both Danw 
and Marattia by Bower (loc. cit.). 

While, then, these cycad synangia may recall or suggest other 
members of the living Marattiacee than Marattia, it is with 
this genus that they may most closely be compared, agreeing 
with it, as they do, in all essential structural details, as well as 
in dehiscence, and doubtless also in development plurilocularly 
from a single enclosed mass of sporogenous tissue. In fact 
the parallel to Marattia is seen to be so close that had the 
grt structures been found isolated they might hitherto 

ave been referred directly to this genus, no pollen being pre- 
served, unless indeed the remarkably strong and uniform pal- 
isading of the outer layer, and its projection, as mentioned 
above, beyond the sporangia into two fips meeting over the 
sulcus between the two synangial halves, might have been con- 
sidered characters of generic value. While it is quite possi- 
ble that some little known Marattiacean forms may also show 
a stronger development of the outer layer, it is not probable, the 
heavy development seen in these cycads being apparently 
secondary, and mainly due to the necessity for resistant strength 
in the walls of the individual sporangia in their closely 
appressed position before the inflorescence emerged fully from 
the armor. 

Among extinct members of the Marrattiaceze, Scolecopteris 
elegans Zenker of the Permian, long since so well and fully 
described by Strasburger (Jenaische Zeitschrift, viii, 1874), is 
likewise practically identical both in preservation and general 
structure, including the bundles of the sporophyll. The main 
distinction is, of course, in the lack of continuity in the outer 
synangical wall, and the reduced number of the sporangia. 

ut as has been pointed out by Stur(Carbon Flora der Schatz- 
larer Schichten) and later further emphasized by Bower (loc. 
cit.), there is so much of transition in the amount of fusion 
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between the sporangia of even the living Marattiacean genera, 
as is seen on passing from the free sporangia of Angzopteris 
to the fused sporangia of Marattia, that in considering rela- 
tionships, forms with free sporangia or with sporangia arranged 
circularly, must not be neglected as in the wider sense unre- 
lated—a fact which it is well to bear in mind since it must now 
necessarily be extended to the cycadaceous forms as well. 

One other observation in this connection I shall also make. 
As fully stated by Bower in his indispensable work just cited, 
while the evidence of development is in favor of the Marat- 
tian or Synangial type, developing from a single sporogenous 
mass, as being older than the Angiopteris type with free spo- 
rangia—an idea opposed to that of Stur (cited above), there 
has been hitherto no direct paleontological evidence either 
way. But now should the Bennettitacee and the living eycads 
not be polyphyletic, the latter have suffered a breaking up of 
the synangium which may well have been paralleled by a 
similar separation in the Marattiaceze. In this category of 
pollen sac separation and reduction the Gingkoaceze may appar- 
ently be likewise included. The occasional occurrence of 
pollen sacs in groups of three in the living Gingko, as sug- 
gested by Thibaut (Recherches sur l’appareil male des Gym- 
nospermes), may represent a primitive condition. And Bazera 
Miinsteriana from the Rhat with asteriate groups of seven 

ollen sacs may certainly be regarded as still more primitive. 

here would therefore appear to have been, following an 
original soral septation, a more or less progressive separation 
of sporangia and reduction in their number in the Marat- 
tiacese, cycads, and Gingkoacee. Certainly if the facts observed 
here cannot be construed as offering inferential testimony from 
the paleontological side in favor of Bower’s supposition, they 
do not interpose any facts against it. In accordance with this 
view I incline to believe that the Bennettitean synangium is 
slightly more archaic in form than that of any of the living 
Marattian genera except perhaps Dane, with which, as 
pointed out above, the comparison is not quite direct. 

Now further as to forms presenting analogous synangia or 
sori. From the foregoing description it is clear that Urna- 
topteris, Crossotheca, and especially Calymmatotheca may be 
considered as distinctly related by reason of their synangial 
forms. But these are all dimorphic ferns as hitherto viewed, 
with reduced fertile pinnules suggesting those above described, 
and at once carrying the relationship of these Mesozoic cycads, 
themselves dimorphic as well, back to the Oycadotilices. 
Hence from the variations in form seen in the Marittiacean 
sorus, and no doubt also paralleled in the Cycads, at may be at 
once stated that so far as we may infer from isolated fructifica- 
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tions it must, until additional fortunate discoveries are made, 
as they doubtless will be, remain difficult to judge from isolated 
fruits of the Marattian type whether or not they belong to 
plants that have acquired the seed-bearing habit. hen, how- 
ever, preservation is unusually good the microspores may show 
either pollen or spore characters, as in the case respectively of 
the present forms and Scolecopteris elegans. At all events, an 
extraordinary interest will henceforth attach itself to fructifi- 
cations of the Calymmatothecan, and Scolecopteran type, as 
well as to the possibility of accompanying macrosporophy]lls. 


It is of importance to add that the presence, in these cycada- 
ceous forms, of a central ovulate axis surrounded by an asteriate 
series of staminate fronds with basally adnate petioles, sheds a 
flood of clear light on the nature of Wélliamsonia, —a subject 
which has contd paleobotany for thirty years. The axes:‘which 
Williamson and Saporta have described as male (see William- 
son, Trans. Lin. Soc., Vol. XX VI, Plate 52, and many figures 
in Paleontologie Francaise, Plantes Jurassiques, par Marquis 
de Saporta,) are doubtless mostly ovulate inflorescences around 
the bases of which were inserted the peculiar disks they have 
illustrated, which may be interpreted as staminate rather than 
“carpellary.” Though that the central axis could terminate in 
an asteriate growth is not wholly impossible. Such growths could 
also be ovuliferous if apical and central, and calyxate if basal, 
there being here great possibility of variant structures. 

However, in the writer’s opinion the most important possi- 
bility suggested by the staminate fronds above described is as 
to the character of fructification in the Cycadofilices. If we 
are permitted to imagine, as we surely are, a plant vegetatively 
like Lyginodendron, and either monecious or dicecious, with 
microsporophylls like those of the staminate fronds of Cycad- 
eoidea, and macrosporophylls like those of Cycas, do we not 
picture an ancestral form which almost beyond doubt existed 
and may any day be found? The existence of cones in the 
presence of both these simple types of micro- and macro- 
sporophylls is from the preceding descriptions now manifestly 
possible. In the presence of such facts it is yet more patent 
that there are peculiar possibilities of structure of great interest 
in the case of such fructifications as that of Cycadospadia 
Milleryensis. (See Scott’s Studies in Fossil Botany, p. 371.) 
Likewise, Anomozamites minor Brogn, from the Rhit of 
Scania, as restored by Nathorst, is seen to occupy a position 
of unique importance. It certainly becomes more than ever 
probable that the dimorphism of various paleozoic plants 
usually referred to the ferns is intimately connected with 
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forms of heterospory and the acquiring of the seed habit by 
types immediately ancestra’ to the cycads or other gymno- 
sperms, if not also to the angiosperms. 

It is, however, if we clearly apprehend the significance of 
the above described structures, as hitherto held, difficult to 
believe that the existing cycads could have been derived 
directly from the Bennettitaces. The evidence at present 
wholly favors the belief that the former represent a line of 
descent from an ancestral stock common to both, which under- 
went alteration of both macro- and microsporophylls on elon- 
gate axes resulting in true cones, with the exception of the 
macrosporophylls of Cycas, which have retained a quite primi- 
tive type and position. On the contrary, in the Bennetti- 
taces, it is the microsporophylls which remain primitive, while 
the macrosporophylls have undergone an extreme of altera- 
tion and consolidation, albeit on ancient lines of development 
finding their nearest known analogy in Cordaites, and perhaps 
Gingko. It appears from the facts now at hand that both 
cycadean branches may not have passed through precisely the 
same evolutionary sequence of hetorospory, bi- or mono- 
sporangiate, moneecious, and finally dicecious fructification. 


It now becomes possible for the first time to consider the tax- 
onomic position of the living and fossil cyeads in the light of 
a clear knowledge of those structures and characters of funda- 
mental importance in classification. It is quite evident that 
there is more resemblance between these two important groups 
than would be indicated by classification as the Cycadales and 
the Bennettitales. The. lateral fructification of the latter 

roup, while a distinctive feature, is not a profound difference. 

or if Williamson’s restoration of Zamia gigas be correct, as 
now appears probable, this genus did not bear lateral fructi- 
fications, and is hence in this respect intermediate. Nor are 
the frequent adventitious buds and branches of certain living 
cycads to be overlooked. 

On weighing the new evidence as carefully as possible, and 
bearing in mind that the staminate fronds of Cycadeoidea 
form a connecting link qualitatively of the same value as the 
carpophylls of Cycas, it becomes wholly clear that these fossils 
are true cycads and form an order, or perhaps preferably a 
sub-order, of equal rank with the living cycads. The classifi- 
cation already suggested by Professor Scott, I, therefore, 
believe to be a natural one. He says in his Studies in Fossil 
Botany, p. 474, “It appears then that there are at present 
known to us three distinct families of Cycadales. On the one 
hand the Zamies and the Cycadex, still existing, and together 
constituting the order Cycadaces ; and on the other the Ben- 
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—* wholly extinct, and so different as to merit ordinal 
rank. 

In their leaf structures these two orders are essentially sim- 
ilar. In trunk structure there is a well-marked minor dif- 
ference affording a convenient means of separation,—the leaf 
traces (but not always the peduncle traces) of the Cycadacez 
arising as secondary cortical bundles, while those of the Bennet- 
titaceze are primary, passing out directly from the xylem zone. 

In fructification the basis of separation rests on the fact that 
in the Cycadacez the microsporophylls are always organized 
into a distinct cone, while the macrosporophylls may retain 
primitive characters as carpellary leaves. In the Bennettitaces 
the opposite holds true. The microspores are borne on primi- 
tive pollinial leaves, while the macrospores are organized into 
_an ancient type of cone. 

It may be remarked that the gap between Cycas and the 
other living cycads is clearly lessened by the analogy afforded 
by the staminate fronds of the Bennettitacee. The living 
cycads may hence most conveniently be held as composed of 
two divisions of equal value, the Cycadez and Zamiew. 

Yale Museum, New Haven, Conn., April 20, 1901. , 
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Art. XXX VI.—Studies of Eocene Mammalia in the Marsh 
Collection, Peabody Museum ; by J. L. Wortman. With 


Plate V1. 
[Continued from page 348.] 


Pelvis and Hind Limb.—The pelvis is somewhat frag- 
mentary and displays the character of the pelvic girdle in 
but an imperfect manner. An ischium and an anterior por- 
tion of an ilium are all that remain of it. The ischium 
is relatively much longer and more slender than that of 
either the ichneumon or fox and in this respect resembles 
Cynodictis. The ischial tuberosities are only slightly devel- 
oped as in the civets and quite lack that broad characteristic 
expansion of the modern Canids. The obturator foramen was 
apparently longer than in either the fox or ichneumon and 
extended well forwards beneath the acetabulum as in the dogs, 
differing in this respect from the ichneumon, in which it is 
more posterior. The cotyloid notch of the acetabulum is wide 
as it is in both the viverrines and Canids. Only the anterior 
part of the ilium is preserved, and this, like that in Cynodictis, 
exhibits a narrow dorsal depression and a wider ventral con- 
cavity separated by a longitudinal ridge. 

The femur, figure 7, has many peculiarities of its own, but on 
the whole it may be said to be much more dog-like than civet- 
like. The shaft is well rounded and hasa slight backward curva- 
ture as in all the Canids and not perfectly straight as it is in the 
carnivorous civets in general. Of the proximal extremity the 
head is hemispherical and set upon the shaft by a rather short 
thick neck. The greater trochanter rises above the head and 
is of considerable fore and aft extent; the digital fossa is deep 
and roomy. The lesser trochanter is proportionally very large 
and placed upon the inner border of the shaft just below the 
head. According to Scott’s description of Cynodictis, it is 
smaller and more external in this form. There is a distinct 
intertrochanteric line and a moderately well-developed third 
trochanter. The distal end of the bone exhibits well-devel- 
oped condyles with the rotular groove, passing well up on the 
anterior border. The intercondylar notch is deep and the con- 
dyles project well backwards behind the axis of the shaft. 

The tibia, figure 8, is a little shorter than the femur ; the shaft 
is somewhat flattened in the proximal half of its extent and the 
cnemial crest is prolonged downwards, occupying quite one-third 
of the entire surface of the bone. This is in marked contrast 
with its shortness in the modern Canide. The head is relatively 
broad and overhangs the vertical axis of the shaft to a marked 
extent, the double tibial spine being rather indistinct. The 
lower portion of the shaft is subround in cross-section and dis- 
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lays upon its outer surface a well-marked interosseous ridge. 
The distal extremity has a large thickened internal malle- 
olus, upon the internal and posterior surface of which is seen a 
deep tendinal suleus. The articular surface shows but little 
grooving where it touches the astragalus. 

The shaft of the fibula exhibits but little reduction when 
placed in comparison with the modern Canids. The head of 
the bone is relatively large with considerable fore and «*t pro- 
jections, and the proximal part of the shaft is sharply divided 
into three surfaces by as many distinct ridges; of these latter 


Figures 7, 8, 9.—Right femur, tibia, fibula, and humerus of V. Hargeri 
Wortman; three-fourths natural size. (Cotype.) 


the anterior and posterior soon disappear below, but the internal 
is continued down the shaft as a sharp interosseous ridge. In 
ae with the unreduced character of the bone, the distal 
end is large and prominent. The usual obliquely placed articu- 
lar facet by which it touches the astragalus is present, but there 
is no evidence of a calcaneal facet. Behind and to the outer 
side is seen a prominent bony process which is deeply grooved 


for the passage of flexor-tendons. 
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coincides very nearly with that 
of the trochlear facet; and an 
astragalar foramen is present, 
though small. The calcaneal 
facet is rather wide and shallow, 
lacking the deep saddle-shape 
of that of the fox; the susten- 
tacular facet is very convex from 
before backwards, is separated 
from the calcaneal facet by a 
wide shallow groove and is not 
continuous with the navicular 
articulation. 

The caleaneum has a moder- 
ately elongated tuber of about 
the same proportions as seen in 
the fox; the astragalar facet is 
very convex but without the 
distinctly angular pattern of the 
recent Canids. The sustentacu- 
lum tali is relatively broad and 
has a shallow cup-shaped facet. 
The cuboid facet is much like 
that of the fox, and there is a 
large calcaneal tubercle present. 
The navicular differs quite con- 
siderably from that of the fox, 
in that it has a less vertical 
depth, and a squarish outline 


when viewed from above. It © 


is, moreover, larger and broader, 
having the tubercle located 
at the postero-internal angle 
instead of on the posterior 
border as in the fox. Inas- 
much as this character, in asso- 
ciation with that of the head o 


the astragalus, has to do with the position of the foot in walk- 
ing, it may be taken not only as an index of the inferior organi- 
zation of the pes, but it may also be taken to indicate that if the 
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The Pes.—The hind foot, of which there isan almost complete 
specimen preserved, figure 10, exhibits, as do the other bones of 
the hind limb, a wide departure from that of the modern Canids. 
The astragalus betrays the primitive character of the foot in 
the following important particulars: The tibial trochlea is 
little grooved; the head is proportionally large and has an 
oblique position ; the transverse plane of the navicular facet 
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Figure 10.—Right hind foot of 


V. Hargeri Wortman; 


f (Cotype.) 
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natural size. 
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limb is carried in the fore and aft plane of the body, the outer 
edge of the sole of the foot touches the ground and the 
plantar surfaces are directed more or less inwards. This sub- 
ject will be again referred to on a subsequent page. The remain- 
ing bones of the tarsus do not present any characters of 
especial interest. They resemble the corresponding bones of the 
fox with the exception of the internal cuneiform, which is 
large and functional for the support of the hallux. It has 
the same form as that of Herpestes but is proportionally broader 
and heavier, which would indicate a less degree of reduction 
for the hallux than in this species. 

There are only four metatarsals of the foot preserved, that 
for the hallux being missing. When these bones are carefully 
articulated, they show that the toes were more spreading than 
those of Herpestes and somewhat less than those of the otter. 
They entirely lack that highly compressed form and closely 
interlocking arrangement seen in the fox. The distal ends are 
characteristically broad, with hemispherical heads and well- 
developed plantar keels. They resemble the corresponding 
bones of Cynodictis very closely in these particulars, and differ 
greatly from those of the fox, in which there is a distinctive 


“square-cut” appearance. The third metatarsal is slightly the 


longest and strongest bone of the series; the fourth is a little 
smaller and a trifle shorter; the second and fifth were appar- 
ently of about equal length, but the shaft of the second is con- 
siderably the stouter of the two. Their proportional length 
is much less than those of Cynodictis, in which the hind foot 
had already begun to assume the more compressed, elongated 
form of the modern dogs. 

If we take the length of the ischium from the posterior 
border of the acetabulum, as a more or less fixed length and 
compare the length of the metatarsals with it, the hind foot of 
Vulpavus will be found to be as short as it is in Herpestes. 
Compared with this measurement, the following proportions 
of the different segments of the hind limb in several species 


are given herewith: 
Length of- Length Length Length 
Ischium. of Mt. IV. of Tibia. of Femur. 


100 117 274 282 
Vulpavus ...-.. 100 117 314 326 
Cynodictis ._-.- 100 154 368 363 
eens 100 220 490 435 


That is to say, taking the ischial length as 100, the meta- 
tarsal length in /Zerpestes is 117, the tibial length 274 and the 
femoral length 282 per cent of the ischial length, ete. I have 
been compelled to estimate the ischial length in Cynodictis, 
which when correctly ascertained may give slightly different 
percentages from those above recorded, but it may be assumed 
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that they are approximately correct. It will be seen from the 
above table that the relative proportions of the hind-limb 
bones and foot of Vulpavus place it much lower in the scale 
than Cynodictis. In this respect it is indeed the most primi- 
tive canine limb known. 

The first phalanges are relatively short, rather broad proxi- 
mally and much curved; this latter feature is as much or even 
more marked than it is in the felines, which is somewhat sur- 
prising. Were these bones found isolated, they would pass 
very readily for those of a cat. The middle or second pha- 
langes are of moderate length and distally unsymmetrical like 


those of the cat, but not to such a marked u 
extent.. This undoubtedly indicates a cer- 

tain degree of retractility of the claws which : 

the animal in all probability possessed. > 


There isa single claw or ungual phalanx pre- 
served in.nearly perfect condition, figure 11, U1.—Ungual 
phalanx of V. Hargeri 
and the base ofa second much damaged ; these Wortman: natural size. 
show that they were compressed and pointed 
and not flattened and fissured as in many contemporary Creodonts. 
I give the following principal measurements : 


mm. 
Length of superior dentition from anterior border of 
canine to posterior border of second molar -... -.--.-- 40° 
Length of first and second molars._......--..-------- 85 
Antero-posterior diameter of first molar.-.........-.-- 5°5 
Antero-posterior diameter of second molar 3°0 
Length of superior sectorial, outside border -...---.---- 8°5 
Length of premolar series including diastemata ---- ---- 17°5 
Transverse diameter of superior sectorial ........-.-.~- 6°5 
Transverse diameter of first molar. 10° 
Transverse diameter of second molar .--- 5°5 
Length of inferior dental series to anterior border of 
GER 
Length of jaw from anterior border of canine to condyle 74°5 
Length of inferior molars 15°5 
Length of inferior premolars including diastemata --- . 23°5 
Depth of jaw at posterior border of sectorial -....--.- -- 11° 
Transverse diameter of distal end of humerus-----..-. -- 23°5 
Length of ischium from posterior border of acetabulum. 34° 
Length of foot exclusive of ungual phalanx -..........- 106° 
Length of fourth metatarsal..............-..-....--- 40° 
Length of first phalanx of third digit................- 18° 
Length of second phalanx of third digit...........-.-- 12°5 
Length of caleaneum 28°0 
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Comparison with the Viverrines. 


It will be observed from a consideration of the characters 
detailed above, that Vwlpavus approaches the carnivorous 
civets quite closely in many of the more important features of 
its osteology. Indeed, it would appear that the interval 
between these ancient Canids and the civets is actually less than 
it is between Vulpavus and the fox. A comparison of Vulpavus 
with such a form as the living Viverrieula or Herpestes 
reveals the following rather striking resemblances: (1) The 
postorbital constriction of the skull is considerable; (2) the 
superior molars display the same peculiar elongation of thie 
anterior part of the crown and the internal cusp of the 
superior sectorial is large; (3) the principal shear of the 
inferior sectorial is very oblique and there is a distinct posterior 
shear present which bites against the anterior edge of the first 
superior molar ; (4) the distal end of the humerus is broad, 
the supinator ridge is large, there is no intercondylar perforation, 
and an entepicondylar foramen is present; (5) the radius is 
short, the head circular, and there was power of complete pro- 
nation and supination ; (6) the ischial tuberosities are small ; 
(7) the limbs are not elongated; (8) the feet are pentadac- 
tyle; (9) the femur is longer than the tibia, the cnemial 
crest is elongate, and the fibula is little reduced and not applied 
to the tibia; (10) the head of the astragalus is placed 
obliquely upon the body, and the transverse plane of the 
navicular articulation coincides with the transverse plane of 
the trochlea; (11) the hallux is little reduced, the feet are 
relatively broad and the metapodials are not greatly appressed 
and interlocking. 

These resemblances would undoubtedly be greatly augmented 
did we compare the Eocene ancestors of the viverrines with 
the species under consideration, but notwithstanding these 
similarities of structure, many of which may be looked upon 
as primitive characters more or less common to all the early 
Carnivora, there yet remain certain unmistakable features 
which stamp it as belonging to the canine phylum. In the 
structure of the superior molars as has already been stated, 
there is a very decided tendency to the formation of a poste- 
rior internal cusp from the cingulum. Among the Carnivora 
this is exclusively dog-like and completely unknown in the 
Viverride. On the other hand, there is a distinct anterior 
basal cusp upon the superior sectorial of all the civets 
wherever this tooth displays the laniary structure, whereas, 
with one exception it is absent in all the Canide. The inferior 
molars are both in number and general structure much more 
dog-like than civet-like. No viverrine is known in which there 
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are three true molars in either the upper or lower jaw. 
Although the typical genus Viverra is known with reason- 
able certainty from the Upper Eocene deposits of Europe, tle 
molar formula is remarkably persistent, being two above and 
below. The femur again shows inits incipient backward 
curvature, as well asin the lateral position of the lesser 
trochanter, that Vulpavus is more nearly allied to the dogs 
than to the civets. 

But this evidence from the incomplete skeletal remains, 
while it is very strongly presumptive of canine relationship, is 
not at the same time absolutely conclusive. It, however, 
receives powerful additional support from a consideration of 
the forms intervening between it and Cynodictis of the 
Oligocene, of the canine affinities, of which there cannot be 
the slightest question. From the Washakie Beds, which appear 
to be somewhat later than the Bridger, comes the genus 
Neovulpavus, in which the superior molars had been reduced 
to two, giving the molar formula of the modern genus Canis. 
In the succeeding Uinta or Uppermost Eocene stage the genus 
Procynodictis furnishes a nearer approach in the structure of 
the molars, in that the two external cusps are subequal in size, 
are more widely separated and the antero-external angle is less 
prominent. In the carpus, the scaphoid, lunar, and centrale 
were fused into a scapholunar and the feet were much like 
those of Cynodictis. It will thus be seen that the evidence as 
far as it is obtainable points very strongly to a genetic rela- 
tionship between Vulpavus and COynodictis, and from this 
latter without doubt sprang a large number of the modern 
species of the Canide. 


Progressive Modification of the Canide. 


Regarding this, then, as the oldest and most primitive link in 
the true canine phylum that has yet been discovered, it is a 
matter of more than passing interest to examine into the bear- 
ing of its osteological structure upon the origin and evolution 
of the central group of the living dogs. The characters in 
which this group has shown evolution may be summarized as 
follows: The ‘brain has increased greatly in, size, both rela- 
tively and actually, having been especially widened in front ; 
the superior molars have been modified in structure, in that 
they have largely lost that characteristic anterior transverse 
elongation so common to the Eocene types, but have, on the 
other hand, developed a large postero-internal cusp from the 
cingulum and a strong tendency to the formation of a second 
ce internal cusp; the number of the superior molars 

as been reduced to two, the sectorial of the superior series 
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has developed a more perfect shearing apparatus and the inter- 
nal cusp has been reduced ; in the inferior series, the sectorial 
has been modified into a more perfect shearing organ by the 
enlargement and lateral flattening of the two external cusps of 
the trigon, by their more perfect alignment with the long 
axis of the jaw, with a concomitant reduction in size of the inter- 
nal cusp, the disappearance of the posterior shear and the 
widening of the heel ; the cusps of the posterior molars have 
been reduced and their tuberculo-sectorial pattern lost; in 
the atlas the alse have increased in size and have developed a 
peculiar and characteristic arrangement of the foramina for 
the passage of the vertebral artery ; the lumbar vertebree have 
been greatly reduced in size in comparison with the dorsals ; the 
ischial tuberosities have increased in size, the body of the ischium 
has become shortened and the obturator foramen reduced ; 
the femur has been lengthened, the shaft has developed an 
antero-posterior curvature, the neck of the bone elongated, the 
lesser trochanter reduced in size and the third trochanter has 
disappeared ; the tibia has been lengthened, the cnemial crest 
shortened and the distal trochlea deeply grooved ; the shaft 
of the fibula has been reduced to a thin lamella of bone which 
has become applied to the shaft of the tibia for a large part of 
its extent; the hind foot has been compressed and greatly 
elongated, the astragalus deeply grooved, and the navicular 
narrowed ; the metatarsals have become proximally flattened, 
closely appressed and have developed a characteristic ‘“square- 
cut” appearance of the distal ends; the hallux has disappeared 
and the internal cuneiform has been reduced to a vestige; the 
phalanges have been slightly shortened and those of the 
middle row have largely lost their distal asymmetry; in the 
forelimb the humerus has been elongated,.the deltoid crest 
and supinator ridge greatly reduced, the entepicondylar fora- 
men has disappeared, the intercondylar perforation formed and 
the distal end of the bone greatly narrowed; the ulna and 
radius have been greatly elongated, and the head of the radius 
flattened so as to considerably restrict the power of pronation 
and supination. 

The three species at present known may be distinguished as 
follows : 


Posterior external angle of first superior molar more 

or less extended and cutting; a strong postero- 

Posterior external angle of first superior molar 

rounded; postero-internal cusp small and consist- 

ing of no more than a cingulum......-.-...---- V. Hargeri 
Species considerably smaller than the two preceding V. parvivorus 
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The above species is named in honor of the late Mr. Oscar 
Harger, whose work in connection with the early Yale Expe- 
ditions is so well and favorably known. The locality of the 
type and cotype is Henry’s Fork, Bridger Basin, Wyoming, and 
the specimens were found by Messrs. Oscar Harger and F. 8. 
Weeks of the Expedition of 1873. Two other fragmentary 
examples are from Point Gulch, near Henry’s Fork. 


Neovulpavus washakius, gen. et sp. nov. 


Vulpavus palustris Wortman and Matthew, Bull. Amer. Mus. Nat. Hist., June, 
1899, p. 118. 

It is now evident that the species published by Dr. Matthew 
and myself, under the name Vulpavus palustris, is distinet 
from the typical representative of the genus above described. 
The difference consists in the loss of the third superior molar, 
and as this is in direct line of progressive modification towards 
Cynodictis and represents an intermediate step between Pro- 
cynodictis and Vulpavus, it may be regarded as a distinct genus, 
for which the above name is proposed. With the exception of 
the loss of the third molar, it agrees closely with Vulpavus. 
The type is from the Washakie Basin, and is preserved in the 
American Museum Collection ; its catalogue number is 2305. 
It was fully described and figured in the Bulletin of the Ameri- 
can Museum, 1899, p. 118. 


Uintacyon Leidy. 


Uinta, a local name; and Cyon, a dog. Proc. Acad. Nat. Sci., Phila., 1872, p. 
277; Extinct Vertebrate Fauna of the Western Territories, 1873, p. 118. Miacis 
Cope (in part). Proc. Amer. Philos. Soc., 1872, p. 470; Tertiary Vertebrata, 1884. 
Miacis Scott. Jour. Phila. Acad., vol. i, 1886. Uintacyon Wortman and Matthew. 
Bull. Amer. Mus. Nat. Hist., 1899, p. 110. 

Typically small or medium sized imperfectly known Canids, 
with dentition I,, C;, Pmz, M3, having an inferior sectorial with 
a disproportionally large trigon and small, low, cutting, or slightly 
basin-shaped heel; cusps of succeeding molars, low and blunt. 
First superior molar, in type species, with anterior border much 
elongated, the two external cusps unequal in size, and the inter- 
nal cusp without posterior transverse lunate ridge. Jaw, either 
short and deep, or elongated and shallow. Premolars unreduced. 


Uintacyon edax Leidy. 


This species was established by Leidy upon an imperfect 
and anomalous lower jaw, in which there are five premolars 
instead of four. The sectorial is damaged in such a way as 
not to display satisfactorily the characters of the heel, but it 
seems highly probable that it was made up of a cutting ridge, 
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as mentioned above. There is a single specimen in the collec- 
tion, which I refer to this species, and which, although a little 
smaller than the type, agrees with it so perfectly in other 
respects as to leave little doubt of the identity of the two. It 
consists of the anterior part of the right mandibular ramus, figure 
12, carrying the canine and the alveoli for the incisors and first 
premolar, together with the posterior part of the jaw contain- 
ing the first and second molars. Fortunately the first superior 
molars of both sides are present. The alveoli indicate the 
existence of three incisors, the second of which was pushed 
well back out of the transverse line, as in the Canide in 
general. The canine is of moderate size, oval in cross-section, 
and surrounded by a faint cingulum at its base. The first pre- 
molar is not preserved, but the alveolus shows that it was 
small, single-rooted, and placed a short distance behind the 


Figure 12.—Right ramus of Uintacyon edax Leidy; outside view. ~ 
FiGuRE 13.—First and second lower molars of same specimen; inside view. 
Figure 14,—First lower molar of same; crown view. 

Figure 15.—First left upper molar of same; crown view. 

All the figures are three halves natural size. 


canine. The second and third premolars are missing; the 
fourth displays the usual pointed crown without an anterior 
basal cusp, but a strong posterior accessory cusp is developed. 
As compared with the corresponding tooth of Vulpavus 
Hargeri, the accessory cusp of this tooth is much stronger, but 
the heel is less prominent. It does not appear that the pre- 
molars were reduced in size, at least abnormally so, since those 
of the type are of the proportions usually seen in the Canidee. 
The sectorial, figures 12-14, has a relatively smaller antero-pos- 
terior diameter than that of Vulpavus, the trigon having very 
much the same shape and disposition of its parts. The principal 
shear is very oblique and there is a well-developed posterior shear. 
In the structure of the heel, however, the two genera are very 
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different. In this species of Uintacyon the heel is smaller, 
and is composed of a single median cutting ridge, which is 
highest behind. On the inner border the cingulum is very slightly 
elevated, giving a faint indication of the basin of Vulpavus, but 
this is so inconsiderable that the heel may be said to be cut- 
ting. The second inferior molar, figures 12 and 13, may be 
described as having a very reduced trigon with the anterior 
cusp obsolete, a very small internal cnsp and a.cutting heel. 
As compared .with that of Vulpavus, the cusps are much 
lower and more obtuse. The last molar is not preserved in 
the specimen under discussion, but judging from the type 
specimen it was small and single-rooted, with the cusps more 
or less vestigial. 

The crown of the first superior molar, figure 15, in its exter- 
nal part, bears a very striking resemblance to that of Vulpavus, 
but internally, the two are quite distinct. As in that genus, 
the antero-external angle is produced and formed into a sharp 
cutting blade, separated from the antero-external cusp by a 
deep slit-like notch; this blade, together with the sharp ante- 
rior transverse ridge, bites effectively against the shears of the 
posterior cusps of the trigon. The postero-external angle is 
rounded. Between the base of the external cusps and the 
outer border of the crown is a relatively broad area, the outer 
edge of which is occupied by the cingulum. The external 
cusps have a flattened conical form, the edges of which are 
sharp, the anterior being the larger and more prominent of 
the two. The internal cusp is more or less conical and is 
somewhat extended posteriorly; it is connected with the 
antero-external cusp by a sharp transverse ridge, which is 
interrupted near its middle portion by a distinct anterior inter- 
mediate cusp. The posterior transverse ridge, which is very 
generally present in tritubercular teeth of this character is 
entirely absent. The cingulum, although more or less distinct 
upon the inner face of the crown, does not develop any 
postero-internal cusp. 

The jaw is moderately long, rather shallow vertically, and 
of somewhat more than average thickness transversely. It 
has a distinctive breadth and “square-cut” appearance of the 
symphyseal region which is not shown in Vu/pavus. 

I give the following measurements : 


mm. 
Length of inferior sectorial.........-... ......-.--...- 6° 
Depth of jaw at anterior border of sectorial ...-.-._.-..-- 9°5 
Depth of jaw at posterior border of Pm.;.---.---.--.--- 8 

4° 


Thickness of jaw at posterior border of Pm.;-.-.---..--- 
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The specimen is from the lower part of the Bridger Beds, 
_and was found by R. E. Son. 

A larger species, U/. vorax, was established by Leidy, from 
the same horizon, upon a fragment of a lower jaw in which the 
heel of the sectorial and the penultimate molar are preserved. 

The heel of the sectorial is not so trenchant 
as in the preceding species, but exhibits a 
more or less intermediate condition between 
the basin-shaped and cutting forms. Sub- 
sequently Scott described another species 
(a iacis bathygnathus) from the Bridger, in 

Figure 16,—First Which the greater part of the lower jaws 
superior molar of Uinta- and some few fragments of the skeleton are 
cyon vorax(?); natural preserved; but it would appear that it is 

a not distinct from U. voraz. The jaws are 
short and deep, the symphyseal region abruptly rounded, and 
the premolars, as indicated by their alveoli, were not reduced 
in size below the normal; the canine, moreover, was more or 
less laterally compressed at its base. The few skeletal frag- 
ments exhibit characters of the early dogs. In this connec- 
tion, I give a figure (figure 16) of a first superior molar, which 
robably belongs to this species. A third species from the 
ashakie, U. pugnax, displays the same jaw characters as 
U. vorax, but very little is known of it. A fourth species, 
U. brevirostris, was described by Cope from the Wind River 
Beds, and this species has also been identified from fragmen- 
tary remains from the Wasatch of the Big Horn Valley, 
clearly showing that the genus is of very ancient origin. 

It now appears, even from this fragmentary evidence, that 
the direct connection between this group and the genus 
Daphenus of the White River Oligocene is so exceedingly 

robable, that it may be hypothetically assumed, notwithstand- 
ing the fact that the intermediate stages in the Uinta are as 
= to a large extent wanting. The genus from this latter 

orizon, to which Matthew and myself gave the name Pro- 
daphenus, is more probably a member of a line leading to 
Amphicyon. This is strongly suggested by the fact that the 
third superior premolar, and presumably the two anterior 
ones, are considerably reduced in size, a feature that does not 
occur in any known species of Daphaenus, but does occur and 
constitutes one of the characteristic peculiarities of the genus 
Amphicyon. 

e typical species of Uintacyon, U. edaz, finds a highly prob- 
able successor in Daphenus vetus, in which the heel of the 
lower sectorial, as well as that of the second molar, are tren- 
chant, and the lower jaw is slender and elongate, with marked 
traces of the characteristic abruptness of the mental region so 
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common in the Bridger species. I give in this connection (Plate 
VI) a drawing of a well-preserved skull of this species in the 
Marsh Collection, from the White River Bad Lands of Nebraska, 
on account of the apparently important position which it holds 
with reference to the origin of certain living species. It has 
been suggested by Matthew and myself,* that Daphenus 
vetus was the direct forerunner of Zemnocyon of the John 
Day Miocene, which in turn passed by gradual transition into 
the living Dohles, or Red Dogs of India. If this chain of 
ancestry is correct, the evidence in favor of which seems to 
be very direct and positive, it establishes a long and eventful 
history for this phylum. 

Daphenus Dodget Scott, on the other hand, may be 
regarded as the successor of the short-jawed species of U/in- 
tacyon, of which U. vorax is a good type, and here again the 
characters, as far as we know them, fit with apparent accuracy. 
Daphenus Dodgei is known from a lower jaw only, and may, 
as suggested by Scott,* prove to be a distinct genus. Further- 
more, it will not be surprising to find that it had already 
developed a reduced dentition, and was leading into the short- 
jawed dogs of the John Day, such as Oligobunus, Enhydro- 
cyon, Hycnocyon, and thence through an unknown type, 
into the living Bush Dogs, Jeticyon, of the South American 
tropics. 

Prodaphenus Wortman and Matthew. 


— Wortman and Matthew. Bull. Amer. Mus. Nat. Hist., 1899, 
p. 114. 

In this group I arrange all those short-jawed dogs of the 
Eocene in which the size of the premolars, with the exception 
of the fourth superior, is much reduced. . The dental formula 
is not fully known, but is very probably I. 3, C.4 Pm.4, M. 2. 
The canines are large and more or less laterally flattened, the 
heel of the inferior sectorial is. basin-shaped, the anterior 
border of the superior molars extended transversely, the two 
external cusps are unequal in size and the postero-internal 
cingular cusp is small or absent. 

The genus was established upon an incomplete superior 
dental series from the Uinta deposits and was unfortunately 
named. At the time, it was thought to be related to Daphenus, 
but it is now perfectly evident that it belongs to another line. 
The only other group of Canide thus far known in which this 
combination of characters occurs is the Amphicyon series, and 
as this begins abruptly in Europe in beds corresponding 

* Loe. cit, p. 115. 
an a on the Canidz of the White River Oligocene. Trans. Amer. Philos. 
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in age to the American White River Oligocene or earlier, our 
Uinta species of this group may well have been their ancestors. 

At least three species are known, the oldest of which, 
P. promicrodon, comes from the Wasatch of the Big Horn 
Valley. In this species the fourth lower premolar is not 
reduced but those anterior to it are quite small; the first 
premolar is single-rooted and the second and third are _two- 
rooted. A second species, P. canavus, from the Wind River, 
shows the fourth premolar in the lower series reduced but the 
second premolar has two roots. 

A fragment of a lower jaw in the collection, which I 
provisionally refer to the Uinta species P. Scotti, figure 17, 
shows the second premolar relatively very small and implanted 
by a single root. 

It will thus be seen, from a consideration of what has already 
been said, that there were at least three, and probably four 
distinct lines of canine ancestry 
already established in the Bridger. 
One of these led from Vulpavus 
through Weovulpavus and Pro- 
cynodictis directly into the Oligo- 
cene and Miocene Cvynodictis, 
which without much doubt was 
the main axis from which all the 
living species of Canis have been 
derived. The second leads out 
through Uintacyon edax, Daphe- 
nus vetus and Temnocyon, into the — 
living Cyon and possibly also into‘ Ficure 17.—Anterior portion of 
Lycaon. The third passes from j@w of Prodaphenus Scott (?); three 
Prodaphanus into Amphicyon natural size. 
and thence into the Bears. The fourth is more hypothetical, but 
was possibly split off from Uintacyon, passing into Daphenus 
Dodgei and thence into the succeeding short-jawed dogs of the 
Miocene and the living Bush Dogs. 

Peabody Museum, Yale University. 
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EXPLANATION OF PLaTE VI. 


Skull of Daphenus vetus Leidy ; three-fourths natural size; side view and 
crown view of first and second lower molars ; one and one-eighth natural 
size. 


Plate VI. 
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ArT. XXXVII.—On the Casium-Antimonious Fluorides 
and Some Other Double Halides of Antimony; by H. L. 
WELLs and F. J. Merzcer. 


WE have made a thorough study of the double salts formed 
by cesium fluoride and antimonious fluoride with the result 
that five compounds have been prepared. This is an unusual 
number for a series of double salts, and it gives a good illus- 
tration of the facility with which cesium forms such com- 


pounds. 
The salts to be described have the following formule : 

Type. 

1:3 CsF-3SbF, 

1:2  CsF-28bF, 

4:7  4CsF-7SbF. 

1:1 CsF-SbF, 

3:1 2CsF‘SbF,. 


The previously described antimonious double fluorides, all 
of which were prepared by Fliickiger,* are as follows : 


Type. 
1:1 KF‘SbF,, 
2:1 2KE-SbF,, 2LiF-SbF,, 2NH,F‘SbF,. 


3:1 8NaF-SbF". 
The following chlorides, bromides and iodides have been 
described : 


Type. 
:2 RbCl-2SbCl,.* 
3:4 4SbI, ‘9H,O 
1 NH,CrSbCI,,t WiLLSbI, 2H,0.$, KI-SbI,H 0.8 
RbCl ‘SbCl,.** 
3:2 3NalI-2SblI, “12H, O,+ 
3RbCl- 2SbCl,*, 3RbBr- 2SbBr,,* 3RbI- eSbI, 
3CsCl 
2:1 2NH,CISbCI,,t 
2KCI‘SbCl, 3H. 
7: 7RbCI-3SbCI,,** 7RbBrsSbBr,,* 
7KBr- 3SbBr. ‘8H, Oftt 
3:1 3NaClSbCl vil 
4:1 
® Pogg. Ann., Ixxxvii, 245 [1852]. 
* Wheeler, this Journal (3), xlvi, 269. + Schaffer, Pogg. Ann., cix, 611. 
¢ Deherain, C. r., lii, 734. § Nicklés, C. r., li, 1097. 
** Remsen and Saunders, Am. Chem. Jour.. xiv. 159. 
++ Setterberg, Ofversigt K. Vetensk. Akad. Férhandl, 1882, 23; Remsen and 
Saunders, loc. cit. 
tt Poggiale, C. r.. xx, 1180. It is probable according to Herty, Am. Chem. 
Jour., xv, 81, that 3KCI‘SbCl; does not exist. 
§ Jacquelaine; Poggiale, loc. cit.; Benedict, Proc. Am. Acad., xxix, 212. 
* Benedict, loc. cit. +++ This type was described as 23: 10; see Wells 
and Foote, this Journal, ‘iii, 461. ttt Herty, loc. cit. 
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Upon comparing the cesium double fluorides with the salts 
already known, it is to be noticed that two types of the former, 
1:3 and 4:7,do not occur among the latter, and that the 
3:4,3:2,7:3,3:1 and 4:1 types were not found among 
the cxesium-antimonious fluorides. The absence of a3 : 2 fluor- 
ide is remarkable, since the salt 3CsCl‘2SbCI, is very spar- 
ingly soluble, and because this is a very prominent type among 
the chlorides, bromides, and iodides. It is evident that a close 
relation does not exist between the ceesium-antimonious fluor- 
ides and the other antimonious double halides, and that the 
types of the former could not have been predicted from a 
consideration of the latter. In range, the cesium double 
fluorides extend farther at the antimony end than the others, 
while they do not extend as far at the alkali-metal end of the 
series of types. 

When all the types of antimonious double halides are con- 
sidered, they are remarkable for their large number, ten. This 
number is probably greater than is the case with any other 
negative element. The types, 1:3, 1:2,4:7,3:4,1:1, 
3:2,2:1,7:38,3:1and4: 1, with two or three exceptions, 
are the simplest that can exist in such number between the 
two extremes, and arithmetically they extend almost as far in 
one direction as the other. 

Method of preparation.—Solutions of cesium fluoride and 
antimonious fluoride were prepared by treating ceesium car- 
bonate and antimonious oxide, each with an excess of pure 
hydrofluoric acid. To the antimonious solution the cesium 
salt was ‘gradually added in small quantities, and after each 
addition the liquid was evaporated and cooled until crystalliza- 
tion took place. If a homogeneous product was obtained a 
portion was removed for analysis, and the process was con- 
tinued until finally the liquid contained a very large excess of 
cesium fluoride. In every case the products were carefully 
inspected to make sure that they were not mixtures, and at 
least two crops of a salt were always prepared under somewhat 
different conditions, and were shown by analysis to be identi- 
cal ee composition before they were accepted as true com- 

ounds. 

' Method of analysis.—The crystals were carefully dried by 
pressing between filter pdpers, and the portions to be analyzed 
were preserved in glass weighing tubes which were coated 
within with a very thin layer of paraftine. For the determina- 
tion of antimony and cesium a portion was heated in a plati- 
num crucible with concentrated sulphuric acid until all the 
hydrofluoric acid was removed, the residue was dissolved in 
hydrochloric acid, antimony was precipitated as sulphide, col- 
lected on a Gooch crucible and weighed after drying in a 
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small oven containing carbon dioxide. Czsium was weighed 
as normal sulphate. Fluorine was determined by converting 
it into silicon fluoride, collecting the latter in water, and 
titrating with sodium hydroxide, according to a modification 
of Offermann’s method. The results of these fluorine deter- 
minations were invariably somewhat too low, as we found by 
testing the method with pure potassium silicon fluoride ; hence 
the chief value of these determinations consists in showing 
that the salts under investigation were not oxy-compounds. 

1:2 Cosium-Antimonious Fluoride, 
salt was obtained in the form of beautiful, transparent needles 
by adding 2 or 2¢ of cesium fluoride to a solution of about 50 
of antimonious fluoride in somewhat dilute hydrofluoric acid 
solution, heating to boiling and cooling. Two separate crops 
gave the following results upon analysis: 

Calculated for Found. 
CsSb.F;. 


Antimony ‘ "36 47°42 
Fluorine 


1:3 Casium-Antimonious Fluoride, CsF:3SbF,.—This 
salt crystallizes in the form of stout, transparent prisms. It 


was obtained by evaporating the mother-liquors from the pre- 
ceding compound and cooling, or by the use of somewhat less 
cesium fluoride in proportion to the antimonious fluoride in a 
more concentrated solution. Two crops gave the following 
results : 
Calculated for Found. 
CsSbyF; o. I. II. 

Cesium 17°81 17°60 

Antimony 52°95 53°89 

Fluorine .... .. - 8: 27°01 26°84 


The rather wide variation of the results from the calculated 
quantities is probably due to the fact that the crystals were 
taken from a very concentrated antimonious fluoride solution 
and were consequently not quite pure, even after careful dry- 
ing on paper. 

4:7 Casium-Antimonious Fluoride, 4O0sF-7SbF,.—This 
salt crystallizes in transparent plates, and is formed in the 
presence of a little larger proportion of cesium fluoride than 
the preceding compounds. I[t was obtained, for instance, upon 
adding about 4° of cesium fluoride to a mother-liquor from the 
last salt and crystallizing by cooling. Two crops gave the 
following results : 


26°28 26°44 = 
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Calculated for Found. 


Cs,Sb7F 25. IL 
Ceesium.... 28°80 28°99 
Antimony ----.- 45°47 46°02 46°03 
Fluorine . ...-.-.. 25°73 24°58 24°61 


We cannot say that we are absolutely sure about the formula 
of this apparently complicated double salt. It cannot be a 
1: 2 compound, for not only is it entirely distinct in appear- 
ance from OsF2SbF,, but coming as it does from a stron 

| antimony solution, the results would naturally come too high 
! rather than too low for antimony. The results vary too widely 
| from a 2:3 ratio to make that probable, but they approach 
i somewhat more closely the 3:5 ratio. The following calcula- 


tions will show that we have selected the most probable 


formula: 
Calculated for Calculated for Caleulated for 
CseSbsF CssSb5F CsSb2F;. 
31°86 29°75 26°28 
43°11 44°75 47°43 
25°03 25°50 26°28 


1: 1 Casium-Antimonious Fluoride, CsF’SbF,.—In the 
presence of still greater proportions of cesium fluoride this 
yl salt is produced by cooling the properly concentrated solution. 
: It forms square prisms, the ends of which are not usually 
modified by any planes. Three crops gave the following 


analysis : 


- Calculated for Found. 
OsSbF,. II. III. 
40°43 41°44 41°19 
Antimony .-.... 36°47 35°85 35°66 35°52 
Fluorine. ...--- 23°10 - 22°30 


2:1 Casium-Antimonious Fluoride, 2Cs¥‘SbF,.—This 
salt is formed under a wide range of conditions when cesium 
fluoride is present in large excess in comparison with the 
antimonious fluoride. It crystallizes in apparently rhombic 
prisms, which are often somewhat flattened. Four crops, 
made under very different conditions, gave the following 


results : 
Calculated for Found. 
Cs.SbF;. i. IL. IV. 
Comum ........- 55°30 54°81 
Antimony .----- 24°95 24°72 24°59 24°92 24°64 


By the use of very concentrated cesium fluoride solutions 
with comparatively small amounts of antimonious fluoride, no 
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evidence was obtained of the existence of any double salt con- 
taining more ceesium fluoride than the one just described. 

Cesium-Antimonious Iodide, 3CsI-2SbI,.—It appears that 
no compound of cesium iodide with antimonious iodide has 
been described. The sparingly soluble chloride, 30sCl-2SbCl, 
is well known, and this was the only double chloride that 
Remsen and Saunders* were able to prepare, although four 
rubidium-antimonious chlorides are known. It is evident that 
the slight solubility of caesium-antimonious chloride makes it 
impossible to prepare concentrated solutions of the component 
chlorides and consequently prevents the formation of salts of 
other types. We have found that an iodide which corresponds 
in composition to the chloride can be readily prepared. It is 
sparingly soluble in hydriodic acid solutions, and it exists in 
two distinct forms, one of which is brick-red and apparently 
octahedral in form, while the other is yellow and occurs in 
thin hexagonal plates. The octahedral salt was prepared by 
mixing antimonious iodide and cesium iodide in rather strong 
hydriodic acid solutions, while the yellow hexagonal salt was 
made in much less strongly acid solutions, particularly upon 
diluting them with water, boiling, and cooling. Two crops of 
each form were analyzed as follows: 


Found 
Calculated for Red salt. Yellow salt. 
I II 


Cs3Sbely. I. Il. 
22°39 23°46 22°15 
Antimony 13°47 13°91 13°19 14°36 14°52 
Iodine 64°14 62°98 63°03 


This was the only double iodide that we were able to obtain. 

There is little doubt that a corresponding bromide exists, 
for we observed, while engaged in work with another object 
in view, that a yellow precipitate is produced when the bro- 
mides of cesium and trivalent antimony are brought together 
in solution. Having overlooked the fact that the compound 
had not been described, we neglected to analyze the product. 

Cesium-Antimonic Halides.—So little is known concern- 
ing the double halides of quinquivalent elements that it seemed 
desirable to study the casium-antimonic compounds. Setter- 
bergt has described a single double chloride, CsCl‘SbCI,, and 
we have confirmed his result, but by using widely varying 
conditions we have been unable to prepare any other com- 
pound. Setterberg’s salt crystallizes in seed colorless, trans- 
parent needles. A crop of it gave the following results upon 
analysis : 

* Loc. cit. + Loc. cit. 
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Calculated for 


CsSbCl,. Found. 
25°75 26°43 


We have extended our investigation to antimonic fluoride 
and cesium fluoride, but the results were disappointing from 
| the fact that we were able to prepare but one double salt, 
} while Marignac* has described two potassiam antimonic 
iH fluorides. Fither cesium ‘in this case unexpectedly fails to 
show as great a tendency to form double salts as does potas- 
sium, or else we have failed to find the proper conditions for 
producing them. 
The salt obtained by us apparently contains hydroxyl, 
| although prepared in strong hydrofluoric acid solutions, and 
has the formula CsF-SbF,OH. It crystallizes on cooling 
warm, rather concentrated solutions in the form of bundles of 
transparent needles. Two crops gave the following analyses: 


| 

| Calculated for Found. 

CsSbF,0H. I. Il. 

| Cosium........ 36°44 37°7 
Antimony - - .- -- 32°87 31°82 31°72 
Fluorine ..---.- 26°03 25°54 26°18 

Hydroxyl... 4°66 [4°87] 


Sheffield Scientific School, April, 1901. 


* Liebig’s Ann., cxlv, 237. 
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Art. XX XVIII.—“ Mohawkite” ; by JosepH W. RicHarps. 


Dr. Koenieé has given the name Mohawkite to the nickel- 
iferous and cobaltiferous variety of domeykite found at the 
Mohawk mine. He bases this on his analyses, corresponding 
to (Cu,Ni,Co), As.* 

Dr. Ledoux published the results of an analysis of a mineral 
from the same mine,t which corresponded closely to (Cu,Ni, 
Co),As, and which he proposed should be called Mohawkite. 
Dr. Koenig, however, throws doubt upon the formula obtained 
by Ledoux; also claims that if Cu,As does exist, a new name 
must be found for it, as he has preémpted the name Mohawkite 
for his variety of domeykite. The object of this communica- 
tion is to substantiate Ledoux’s analysis and formula, and 
thereby prove the existence of the new species (Cu,Ni,Co),As. 

Last autumn the writer received from Foote, of Philadelphia, 
a specimen from the Mohawk mine marked “ Mohawkite ?” 
Analysis of the material, completely freed from gangue, gave 


Arsenic (by difference) . ---- 22°8 


100°0 


The atomic ratios from the above are 


70°8 

1-225 

Cobalt 

75 

1°225 
Hence the atomic ratio. ---- jana = 4008 and the formula 
(Cu,Co,Ni), As. . 


Dr. Ledoux’s analysis, as calculated by Koenig, gives the 
corresponding atomic ratio aa 4-066. Koenig, however, 
makes a slight mistake in adding the basic valences, and the 
*This Journal, December, 1900. Zeitschr. fiir Krystallographie und Miner- 
alogie, xxxiv, 70 (1901). 
+ Engineering and Mining Journal, April 7, 1900. 
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correspondence is still closer. I have re-calculated Ledoux’s 


results, as follows: 
Atomic ratios. 
Copper ---...- 68°6 
Cobalt 


Sulphur 
Arsenic 


Assuming the sulphur to be present as RS, we subtract its 
ratio 0°017 from that of the bases, and there remains 1°201. 


1°20] 
Ledoux’s ratio is, therefore, —— = 3°98. 


0°302 

I would propose the name Ledouxite for the compound 
Cu,As, the existence of which no longer appears doubtful. It 
carries small percentages of cobalt and nickel and is similar in 
appearance to algodonite, with density 7°8 (Ledoux) or 8°07 
(Richards). The latter was taken on clean material free 
from gangte. 


Mineralogical Laboratory, 
Lehigh University, April 5, 1901. 
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HENRY AUGUSTUS ROWLAND. 


“A GREAT man has fallen in the ranks—great in talents, 
great in achievements, great in renown.” So spoke President 
Gilman to the faculty and students of the Johns Hopkins 
University assembled to do the last honors to their departed 
colleague and teacher; and the words awoke a sympathetic 
echo in every heart. 

Henry Augustus Rowland was born at Honesdale, Pa., 
Nov. 27, 1848. He studied engineering at the Rensselaer 
Polytechnic Institute, in Troy, where he received the degree 
of C.E. in 1870. He spent a short time in railroad engineer- 
ing, and became teacher of science for 1871-72 at Wooster 
College. The following year, 1872, he returned to Troy as 
instructor, and was soon made assistant professor, in which 
position he remained until 1875, when he was invited to Balti- 
more; but before taking up his duties there he spent some 
time in Europe. He had already published an important 
article on Magnetic Permeability, which brought him into 
notice. Professor Rowland sent this to Clerk-Maxwell, in 
Cambridge, England, who replied that he regretted the Royal 
Society was not in session, that he might present this work 
to them, but that he would do the next best thing, namely, 
send it to the Philosophical Magazine ; and as Rowland was 
so far away, he would himself correct the proof sheets. 

While in Europe Rowland went to Berlin and carried out 
one of his most important researches, proving that a moving 
charge of static electricity, like a current, sets up a magnetic 
field. 

Returning to America, he became one of the little band of 
professors, already famous or soon to become so, who were 
brought together to form the Johns Hopkins University, and 
he remained at the head of the physical department until his 
death, April 16,1901. His energies were given to research 
and to the instruction of his graduate students, but his influ- 
ence was felt in the whole university, and even the under- 
graduates received a great stimulus in their studies by the 
example of his steady and successful work. 
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We shall not attempt here a close analysis of Professor 
Rowland’s contributions to science, alist of the most important 
is given below ; as a man of unique genius his work will always 
remain, but at the present time we feel more drawn to speak 
of his personal character than of his achievements. 

In two public addresses (before the American Association 
for the Advancement of Science in 1883, and before the 
American Physical Society in 1899) he set forth his ideas of 
what should be the aims and methods of the scientific man. 
Both breathe the same spirit—utter dissatisfaction with what 
is mediocre, and longing for what is great and important ; 
great contempt for sham, and high appreciation of the labors 
of those who have unselfishly devoted their lives to the 
advance of pure science. 

In the first he speaks of American science as “a thing of 
the future”; in the second he recognizes that some steps have 
been taken and that there are a number of students entirely 
given up to the pursuit of pure science; and he points out the 
great problems awaiting solution. 

Like all great men, he felt that the work he had undertaken 
was the most important work a man could do, he spoke of 
physical science as “a science above all sciences, which deals 
with the foundation of the Universe, with the constitution of 
matter, .... with the ether of space .... ,” and he threw 
himself into it with all his heart and soul. 

As a result he thoroughly mastered his subject and his 
native genius gave him a quick and sure insight into natural 
phenomena. This last gave him a confidence in his own con- 
clusions and he bowed to no one but his peers. 

During his connection with the University he held weekly 
conferences on the current literature of physical science, and 
it was probably on these occasions that he did most to help his 
students to broad and deep conceptions of physical laws. His 
criticisms were very severe, but they.were not captious ; it was 
always his method to examine an investigation closely, to see 
what errors were committed and to show how such errors 
could be avoided. His own investigations fully show the 
result of this painstaking care. 

He thoroughly appreciated the importance of organized 
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knowledge, and valued an experiment or research in propor- 
tion to the amount of light it threw on theory, and to the 
extent that it connected and unified other phenomena. I 
believe it was Maxwell’s beautiful electromagnetic theory of 
light that so strongly attracted him to that subject, by showing 
a relation between phenomena apparently so independent as 
light and electricity. It is a fact that when he began his 
lectures on light in 1884 he developed the electromagnetic 
and elastic-solid theories side by side, pointing out their simi- 
larities and differences and noting the difficulties inherent in 
each. 

‘He was not an experimentalist who experimented for its 
own sake, but he was a natural philosopher, seeking to solve 
the great problems of physical science, and he made use of all 
the means he could command to accomplish his purpose— 
experiment or pure reasoning, or more commonly the cembi- 
nation of the two. His absorption in research did not allow 
him to give very much time to his students; but the steadiness 
of his work, and the brilliant suggestions which he made from 
time to time, were more stimulating than greater personal 
attention would have been from a man of less genius. 

As we look back over the last twenty-five years and see the 
change in the character of physical science in America, and 
consider the great influence Professor Rowland has had in 
effecting this change, we appreciate something of the work he 
has done and realize the great loss his death means to physical 
science in America and-in the world. 

Professor Rowland’s work has received the recognition it 
deserved and he has been the recipient of many honors ; he 
received the honorary degrees—Ph.D., Johns Hopkins Uni- 
versity, 1880; LL.D., Yale University, 1895, Princeton Uni- 
versity, 1896. He was an officer of the Legion of Honor of 
‘France ; Rumford Medallist of the American Academy of 
Arts and Sciences ; Draper Medallist of the National Academy 
of Sciences ; Matteucci Medallist (Italian), and he received the 
prize of the Venetian Institute for his work on the “ Mechani- 
cal Equivalent of Heat.” Among the many learned bodies in 
which he was elected a member we will only mention the 
Royal Society of London ; the Physical Society of London ; 
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the French Academy of Sciences; the Royal Astronomical 
Society of England ; the Royal Academy of Sciences, Berlin; 
the American Academy of Arts and Sciences, Boston ; the 
National Academy of Sciences, Washington ; and the Ameri- 
can Physical Society, of which he was the first president. 
Harry 


Johns Hopkins Univ., May 14, 1901. 


The following is a list of Professor Rowland’s most impor- 


tant papers : 


On the magnetic permeability and the maximum of magnetisation of iron, steel 
and nickel; Phil. Mag, xlvi, August, 1873; reprinted in this Journal, December, 
1873. 

On the magnetic permeability and maximum of magaetisation of nickel and 
cobalt; Phil. Mag.. xlviii. 1874. 

Studies on magnetic distribution; this Journal, x. 1875; Phil. Mag., 1, 1875. 

On the magnetic effect of convection currents: Preliminary statements: Sitzb. 
Akad. Berlin. 1876; Phil. Mag., ii, 1876; this Journal, xii, 1876; Ann, Chim. 
Phys. xii, 1877. Full paper: this Journal, xv, 1878. Note: Phil. Mag., vii, 
1879. 

Research on the absolute unit of electrical resistance; this Journal, xv, 1878 ; 
Electr. techn. Ztschr.. vi, 1885. 

On electric absorption in crystals; Am. Journ. Math., i, 1878. 

Preliminary notes on Mr. Hall’s recent discovery; Am. Journ. Math., ii, 1879; 
Phil. Mag., ix, 1880. 

On the mechanical equivalent of heat, with subsidiary researches on the varia- 
tions of the mercury from the air-thermometer and on the variation of the specific 
heat of water; Proc. Am. Acad. Arts and Sci., xv, 1880; published separately, 
Boston, 1880; Prize essay of the Venetian Institute, 1881. 

Electric absorption of crystals (with E. L. Nichols); Phil. Mag., xi, 1881. 

Preliminary notice of results accomplished in the manufacture and the theory 
of concave gratings for optical purposes; Phil. Mag., xiii, 1882; Johns Hopkins 
Univ. Cire., 20, 1882. 

Article on the “Screw”: Encycl. Brit., 1886. 

Relative wave-lengths of the lines of the solar spectrum; this Journal, xxxiii, 
1887; Phil. Mag., xxiii, 1887. 

Table of standard wave-lengths; Johns Hopkins Univ. Circ., 73, 1889; Phil. 
Mag., xxvii, 1889. 

On the electro-magnetic effect of convection currents (with C. T. Hutchinson) ; 
Phil. Mag., xxvii, 1889. 4 

Gratings in theory and practice; Astr. and Astr.-Phys., xii, 1893; Phil. Mag., 
Xxxv, 1893. 

A new table of standard wave-lengths: Astr. aud Astr.-Phys., xii, 1893; Phil. 
Mag., xxxvi, 1893; also Johns Hopkins Univ. Circ., 106, 1893. 

On a table of standard wave-lengths of the spectral lines; Mem. of Amer. 
Acad., xii, 1896. 

Electrical measurements by alternating currents; this Journal, iv, 1897; 
Phil. Mag., xlv. 1898. 

Some new methods for the measurement of self-inductance, mutual inductance 
and capacity (with T. D. Penniman); Johns Hopkins Univ. Circ., vol. xvii, 1898 ; 
also this Journal, viii, 35, 1899. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysIcs. 


1. Radio-active Lead.—It was recently mentioned in this 
Journal (this vol., p. 235) that Hormann and Srrauss had 
obtained, according to the usual analytical methods, from the 
minerals pitchblende, bréggerite, uranium mica, and samarskite, 
a radio-active lead sulphate which loses its activity after several 
months, but regains it under the influence of cathode rays. These 
investigators have now published a description of a continuation 
of their work. In their previous article they mentioned the fact 
that by the fractional crystallization of the lead chloride prepared 
from the active sulphate a more soluble portion was obtained 
which appeared to contain a new radio-active element, but it now 
appears that while a substance with unusual chemical properties 
may thus be obtained from pitchblende (but not from brégger- 
ite), this —e new element has no radio-active properties. 
The authors believe, however, that there is another new element 
in the more soluble fractions obtained from lead chloride, but 
they admit that it approaches lead in its properties much more 
closely than the other one, and now they are not certain that this 
substance is the cause of the radio-activity. While the previous 
article raised the hope that a definite radio-active element would 
- be obtained, ‘the present article is disappointing in regard to the 
matter. As far as the supposed new elements are concerned, 
they would be interesting as such, even without possessing the 
power to emit Becquerel’s rays; but so many mixtures have 


heretofore been brought forward as elements that one is inclined , 


to be skeptical about such announcements.— Berichte, xxxiv, 907. 
H. L. W. 

2. The Zirconia of EHuxenite from Brevig.—The discoveries of 
new elements are usually rare occurrences in the present period 
of chemical development, but now, in addition to the supposed 
new elements from pitchblende and bréggerite that have been 
mentioned in the preceding notice, an unknown element, or two, 
from euxenite is announced from the same laboratory in Munich. 
In extracting the small amount of lead from euxenite Hormann 
and Pranptt treated the sulphuric acid residue with “ basic” 
ammonium tartrate and obtained in solution not only lead, but 
titanium and zirconium. The latter possessed properties which 
made the presence of an unknown oxide seem probable, and by a 
series of operations an oxide was obtained which appeared to the 
investigators to be practically free from all previously known 
substances. It is distinguished from zirconia in being precipi- 
tated by an excess of ammonium carbonate and in giving no tur- 
meric reaction. The authors say that it gives no precipitate with 
oxalic acid, “‘even when the mineral acid has hone previously 
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neutralized with ammonia to the point of turbidity.” If they 
always did this in applying the oxalic acid test, there is every 
reason to suppose that their new oxide is largely thoria, for they 
precipitated in the presence of ammonium oxalate in separating 
from the earths of the cerium and yttrium groups, and thorium 
oxalate is well known to be soluble in ammonium salts. There 
is a marked resemblance to thoria in the description of the prop- 
erties and reactions of the earth, but it is evidently not pure 
thoria, for the equivalent found, 44°4, is much too low for that 
oxide. To the substance the name “ Euxenerde” is given, which 
would probably correspond to euxenium for the metal. It may 
be mentioned that these authors have found another unknown 
substance in euxenite, which they think may be related to tanta- 
lum, but has a more marked basic character.—Berichte, xxxiii, 
1064. H. L. W. 

3. The Action of Radium Rays upon Selenium.—Euctne 
Biocu has recently described some experiments upon the effect 
of the rays emitted from radio-active barium carbonate upon the 
electric conductivity of selenium. It has long been known that 
the action of light diminishes the resistance of this element, and 
it has been shown also that the Réntgen rays have a similar 
action. The experiments under consideration now show that 
Beequerel’s rays bag the same effect, but apparently to a 
slighter degree. The investigation was made with a sample of 
barium carbonate which possessed an activity about 1000 times 
that of ordinary uranium.—C. cxxii, 914. HL Ww. 

4, The Reducing-power of Magnesium and Aluminum.—A 
number of striking experiments, based upon the affinity of these 
metals for oxygen, are described by A. Dusorn. One of these 
which seems to be novel, although extremely simple, consists in 
placing moistened magnesium or aluminum powder upon a scori- 
fier or porous plate, covering: the mixture with dry magnesium 
and igniting. As soon as the combustion reaches the moistened 
part an exceedingly brilliant flame appears, which is due to the 
reaction of magnesium with water-vapor. The magnesia that is 
jormed is left in long filaments. Another interesting experiment 
is the action of aluminum upon alumina. Four atoms of the 
metal to one molecule of the oxide are mixed, and upon ignition 
they react with vivid incandescence, forming, it is stated, the 
oxide Al,O.—C. &., exxxii, 826. H. L. W. 

5. A Method of Determining Atomic Weights, Based upon 
the Transparency of Substances to the X-Rays.—Soon after the 
discovery of the Réntgen rays it was recognized that the trans- 
parency of substances to them depended upon the atomic weights 
of the elements contained in the substances. L. Benoist, who 
has made a study of this matter, has now applied this behavior 
to the determination of the atomic weight of indium. If this 
metal is bivalent its atomic weight is 75°6, but if trivalent it is 
113°4. The higher valency is the more probable one. Using an 
organic compound of indium and the metal itself, Benoist has 
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compared their behavior with that of arsenic, silver and cadmium 
and their compounds and finds that the atomic weight of indium 
is near that of silver (108), and not similar to that of arsenic (75). 
This method supplies an interesting and novel means of confirm- 
ing atomic weights.— C. #., cxxxii, 772. H. L. W. 

6. The Presence of Platinum upon an Egyptian Hieroglyphic 
Inscription.—In examining a metallic specimen covered with 
hieroglyphic characters, found at Thebes and probably belonging 
to a period corresponding to the seventh century of our era, Brr- 
THELOT has found a small thin piece of hammered metal used in 
forming one of the characters, which, from its resistance to sol- 
vents and the nature of the solution obtained, was evidently an 
alloy of platinum with the closely related metals, such as is fre- 
quently found native. It is Berthelot’s opinion that the Egyp- 
tians must have distinguished the difference between this sub- 
stance and silver if it was often encountered, but it remains for 
future investigation to show whether they often used platinum or 
not. He is not aware that platinum has ever been found in 
Egypt or in other parts of Africa or in Arabia.—C. R., xxxii, 
732. Y. 

7. A Generalization from Tyouton’s Law.—An empirical rela- 
tion between heat of vaporization, measured at the normal boil- 
ing point, and the absolute temperature of the boiling point of 
substances, was observed by Trouton in 1844. This is expressed 
by the formula, 

K 
and it was found that K varies from 20 to 26. 

In 1887 Le Chatelier observed that the dissociable metallo- 
ammonia compounds yield for = values (27°8, 28°7, 29°1) which 
are near the preceding; Q being the heat of fixation of the 
ammonia gas, and T’ the absolute temperature at which the com- 
pound has a tension of 760™™. Le Chatelier showed further that 


if one calculate - for. the following dissociable compounds, 


Pd,H, CaCO,, IrO,, C,N,, Ca(OH),, which disengage gases other 
than ammonia, the values 23, 23°4, 24°3, 27°8 and 27°8 are 
obtained, which are almost identical with the preceding. Le 
Chatelier drew the conclusion that the equation 


is a consequence of the laws of chemical equilibrium. 

Recent investigations show that the higher values, in the neigh- 
borhood of 24 to 26, furnished by Trouton’s relation, are given 
by liquids that have condensed molecules, while the non-polymer- 
ized, normal liquids give very constant values which are near 21 


or 22. On the other hand, the quotient pd gives a value that is 
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quite constant, but higher, in the vicinity of 30 to 32. Since we 
have then a value for dissociation that is decidedly higher than 
that for vaporization, Le Chatelier’s law appears no longer to be 
a ——— of Trouton’s, but merely an analogous law. 
aving presented this matter as abstracted above, pE Forc- 

AND advances the belief that Le Chatelier’s idea that the same 
statement applies without exception to all phenomena of vapori- 
zation, allotropic transformation and dissociation, ought to be 
retained in science, and we should have 

L_L,_@_Q, 

=. 
but that the statement of the law and the value of L should be 
slightly modified. 

In Trouton’s formula, L is the heat of liquefaction of any gas; 
in Le Chatelier’s, Q comprises three terms, L heat of liquefaction 
of a gaseous molecule, S heat of solidification of this liquid mole- 
cule, g heat of combination of this solid’ molecule with a solid 
body to form a solid compound without change of physical con- 
dition, or, in other words, supplementary heat of solidification. 


The two terms and ae are evidently not comparable, but 


they become so, and the values of the two will be almost con- 
stant at about 30, if we add in the first a term S representing the 
heat of solidification. We have then for all bodies, 

where g is always positive and T’ always greater than T. The 
general law may be expressed as follows: ‘In all physical or 
chemical phenomena, the heat of solidification of any gas is pro- 
portional to its temperature of vaporization under atmospheric 
pressure.”— C. R., cxxxii, 879. H. L. W. 

8. Die wissenschaftlichen Grundlagen der analytischen Chemie, 
von W. Ostwatp. Dritte vermehrte Auflage. 8vo, pp. xii, 221. 
Leipsic, 1901 (Wilhelm Engelmann).—The influence that this 
book has exerted in causing the ionic theory to be accepted and 
practically applied by chemists generally has been very great, 
and the service that it has rendered to teachers and students of 
analytical chemistry, in explaining many facts that were well 
recognized but not understood, has been of the greatest impor- 
tance. This third edition of the book in an enlarged and improved 
form, appearing within seven years after the first issue, is heart- 
ily welcomed. H. L, W. 

9. Spectrum of Carbon Compounds.—In view of the possible 
appearance of a new comet the paper of Professor A. SmirHEeLis 
on the carbon spectra is of great interest. He discusses the spec- 
tra of cyanogen, of carbon disulphide, and the Swan spectrum, and 
_ points out the danger of drawing conclusions from spectra 

appearing in exhausted glass vessels which are due to contami- 
nations from the constituents of the vessels.— Phil. Mug., April 
1901, pp. 476-503. J. T. 


* 
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10. Absorption of Gas in a Crookes Tube.—The anomalous 
behavior of X-ray tubes has been the subject of many investiga- 
tions, and it is generally supposed that gases are occluded by the 
metallic terminals and by the glass tubes. In order to properly 
exhaust a tube it is necessary to subject it for a long time to elec- 
tric discharges and to external heat. Mr. R. 5. Wittow has 
investigated this absorption of gases and concludes from experi- 
ment with electrodeless tubes that the absorption is largely due 
to the character of the glass employed. Jena glass absorbs 
hydrogen to only asmall amount: soda glass to a large amount. 
The absorption is due to a chemical combination with the glass. 
In general hydrogen is absorbed less than air or nitrogen.— Phil. 
Mag., April 1901, pp. 508-517. 3. % 
11. Mechanical Movements of Wires produced by Electrical Dis- 
charges which also make these Movements luminous.—W hen oscil- 
lating discharges are sent over wires these become luminous under 
certain conditions and apparently show stationary electric waves. 
Various investigators have described this phenomenon and have 
measured wave-lengths, which they have considered true wave- 
lengths due to the capacity and self-induction of the circuit. O. 
VioL, however, considers that these luminous effects are merely 
mechanical vibrations due to the electric spark of a much lower 
period than those which would arise from true electric oscilla- 
tions, and that the nodes and ventral segments are rendered visi- 
ble by a species of negative brush discharge along the vibrating 
wires.— Ann. der Physik., No. 4, 1901, pp. 734-761. J. 7. 
12. The Band Spectrum of Oxides of Aluminum and Nitrogen. 
—Various authors have attributed the band spectrum observed 
in the spectrum of aluminum between wave-lengths 5162°05 and 
4470°63 to aluminum. G. Bernopt finds, however, that this band 
spectrum disappears when the spectrum of aluminum is obtained 
in hydrogen gas, and becomes very strong when oxygen is sub- 
stituted for hydrogen. He therefore attributes this band spec- 
trum to oxides of aluminum. He also gives a very complete 
table of the wave-lengths of the constituents of the bands of 
nitrogen.—Ann. der Physik., No. 4, 1901, pp. 788-793. 4. T. 
13. Electricité et Optique. La Lumiere et les Théories Llec- 
trodynamiques, par H. Porncark. Deuxiéme édition, revue et 
complétée par J. Bronpin et E. Nécurcha. Pages x, 641. 
Paris 1901 (Georges Carré et C. Naud).—The first half of this 
remarkable book is nearly a repetition of the lectures given at 
the Sorbonne in 1888 and 1890, except for the suppression of the 
section relating to the experiments of Hertz, omitted because this 
subject is treated in detail in the author’s work on Electric Oscil- 
lations, and for the addition of a little more than one hundred 
pages which extends the general discussion of electromagnetic 
theories of bodies at rest by including those of Ampére and of 
Weber. The latter half of the book, also divided into two parts, 
contains the lectures of 1899. These are devoted to a compari- 
son of the different theories relative to the electrodynamics of 
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bodies in movement and of which the principles are those of 
Hertz, of Lorentz, and of Larmor. 

Very interesting, as giving an insight into the intellectual atti- 
tude of the author, and well worth quoting, are the following 
paragraphs from his preface :— 

*‘ Although none of these theories seems to me entirely satis- 
factory, each of them contains without doubt a portion of truth 
and a comparison may be instructive.” ... “Of all, that of 
Lorentz appears to me to correspond most nearly with the facts.” 

He adds that it is possible that the recent investigations of 
Cremieu, should they be confirmed, may completely alter our 
ideas concerning the electrodynamics of bodies in movement. 

Doubtless the instructed student of electricity will turn with 
the liveliest interest to Part Third of the book, which is given 
to the discussion of the merits and defects of the latest theories 
of electricity. It is quite impossible to give here even the barest 
outline of a review which occupies nearly three hundred pages of 
most acute criticism presented with almost unexampled clearness 
and with a mastery of analytical methods which few scholars will 
be able to fully comprehend without strenuous effort. The 
author’s exposition of the various theories which he is about to 
submit to critical analysis is singularly lucid and satisfactory, 
and it offers unusual temptation for a reviewer to give numerous 
quotations, but selection from such a wealth of examples would 
be as difficult as to do justice in any translation. 

Part Four, consisting of a little more than fifty pages, is given 
to a general discussion of points in electrical and optical theories 
suggested by the recent work of Larmor. The method of this 
part is somewhat difterent from that of the preceding portions 
being more discursive and of an obviously less final form; but 
there is a certain charm due to these very features which the 
reader would not willingly miss. 

As a result of a careful inspection of this work, we are impelled 
to say that no book comparable with it as a source of intellectual 
stimulus to the qualified student of physics or so full of sugges- 
tiveness has appeared for a long time. c. Ss. A. 


II. Grotocy anp NaturaAt History. 


1. United States Geological Survey, 21st Annual Report of the 
Director; by Cuartes D. Watcorr. Pp. 1-204, with 3 maps, 
1 figure, 1900.—The total appropriations made for the fiscal year 
1899-1900 for the work of the U. 8S. Geological Survey was 
$834,240.89. The expenditure of this amount was distributed 
over a very large field of investigations, carried on in all parts of 
the country. The work accomplished during this year was, in 
general, a continuation of that of previous years and with sub- 
stantially the same organization. The Director calls especial 
attention, in his report, to the following branches of the work, 
The survey of the Forest Reserves, the explorations in 


viz: 
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Alaska, the hydrographic work, the reorganization of the Geologic 
Branch, the diyision of Mines and Mining, the Insular surveys. 
The reorganization of the Geological Branch of the Survey has 
become necessary on account of the growth and complexity of 
the work and the increased demands upon the director in admin- 
istrating the whole bureau. The several branches of the geologic 
work were placed in charge of specialists, who should supervise 
the scientific investigations of their several divisions. 
The following divisions were made and officers placed in charge : 


Division of Areal Geology: Bailey Willis, Geologist in charge. 

Division of Pleistocene Geology: T. C. Chamberlin, Geologist 
in charge. 

Division of Paleontology: T. W. Stanton, Paleontologist in 
charge. 

Division of Pre-Cambrian and Metamorphic Geology: C. R. Van 
Hise, Geologist in charge. 

Division of Mining and Mineral Resources: D. T. Day, Geologist 

in charge. 

Division of Economic Geology: 8. F. Emmons, Geologist in 
charge of section of Metalliferous Ores : C. W. Hayes, Geol- 
ogist in charge of section of non-Metalliferous Economic 
Deposits, ete. 

Division of Physical and Chemical Research: G. F. Becker, 
Geologist in charge. 


The authority of these chiefs of division is restricted to the 
supervision of the scientific work, the administrative direction 
remaining in the hands of the director. At the same time the 
individual geologist is left free to make use of the facts observed 
within his own field. 

The Director explains at some length the relation of the 
- Government Survey to Mines and Mining, and urges the provi- 
sion of means for more fully organizing and conducting a Divi- 
sion of Mines and Mining. ite says, p. 45: “The establishment 
of a division of mines and mining within the survey would 
broaden the scope of its work and admit of a more direct applica- 
tion of the energies of the survey to the mining industry. Ina 
general way such a division should be charged with the promo- 
tion of the mining industry of the country as a whole, as far as 
it can be done by a government organization, and in such way 
as not to interfere with the work of state organizations on the 
one hand or with the professional business of individuals on the 
other.” 

In response to a resolution passed by the Senate, the Director 
submitted a report to the Secretary of the Interior on the present 
condition of surveys in the islands now under the jurisdiction of 
the United States ; together with recommendation of plans for 
furthering the topographic and geological surveys in Porto Rico, 
the Hawaiian Islands, the Philippines and Cuba. 

The summary account of the detailed work of the Survey 
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shows a most satisfactory continuation and progress of the work 
of the survey in all its several departments. 

At the close of the report is printed a biographic sketch, b 
Arnold Hague, of Othniel Charles Marsh, whose recent deat 
interrupted the important investigations in vertebrate paleontol- 
ogy which he had been carrying on for the Survey, for many 
years. w. 
2. The Physiography of Acadia; by Reetnatp A. Daty. 
Bull. Museum Comp. Zool., vol. xxxviii; pp. 73-102, 11 plates.— 
Acadian land forms are shown to consist primarily of two planes 
of denudation which are essentially subacrial and referable to two 
cycles of geographic development. The topographic history of 
the region is believed by Dr. Daly to be closely similar to that 
of New England and the Southern Appalachians. H. E. G. 

3. Carte Géologique du Massif du Mont Blanc; par L. 
Durarc et L. Mrazec. Comptoir Min. et Geol., Suisse, Genéve.— 
This map is designed primarily to accompany the werk of Duparc 
and Mrazec on Mount Blanc. The scale is 1/50,000, the relief is 
very clearly shown, and the glaciers with their morainal materials 
stand out almost asin a model. The map is a valuable addition 
to a laboratory outfit. H. EG. 

4. The mineral constituents of dust and soot from various 
sources.—A minute spectroscopic investigation has recently been 
earried on by W. N. Harriry and Hucu RamaGe of samples of 
dust and soot from various sources. These included, for example, 
the solid matter which fell in a hail storm in April, 1897, at 
Dublin; similar matter collected in March, 1896; pumice from 
the Krakatoa eruption of 18838, ete. The examination was 
extended to sooty matter deposited from the air on the outskirts 
of Dublin in November, 1897; and also to soot and flue dust 
obtained direct from gas works and iron furnaces. 

The atmospheric dust from the clouds was found to be some- 
what regular in composition—each specimen appearing to contain 
the same proportions of iron, nickel, calcium, copper, potassium, 
and sodium; the proportion of carbonaceous matter was small. 
There was a very considerable difference between the dust from 
sleet, snow, and hail suddenly precipitated, the difference being 
in the proportion of lead, which, in the dust from sleet, is much 
larger than in the other specimens. The dust of November, 
1897, which fell in a clear, calm night, was uniform in composi- 
tion; it was magnetic, and its general similarity to meteorites 
made it reasonably clear that the material was to be regarded as 
of cosmic origin. 

The examination of the spectra of specimens of volcanic dust 
proved that the heavy metals were, without exception, in com- 
paratively small proportions—lead and iron, for example—while 
lime, magnesia, and the alkalies were the chief basic constituents. 

Chimney soot from different sources was found to be charac- 
terized by the small ig reams of iron in most specimens and of 
metals precipitated as hydroxides; its large proportion of lime 
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and the greater variability in the proportions of its ditferent con- 
stituents distinguished it from other kinds of dust collected from 
the clouds or in the open air. The flue dust was found to contain, 
conspicuously, lead, silver and copper ; also considerable quanti- 
ties relatively of nickel and manganese; further, rubidium, gal- 
lium, indium, and thallium. The common presence of nickel 
shows that when found in dust from the clouds it is not proof of 
a source other than terrestrial. The authors call attention to the 
remarkably wide distribution of gallium. It occurs in all alumin- 
ous minerals, in many iron ores and in atmospheric and flue dust 
from various sources; the species bauxite contains it in larger 
proportion than any other mineral.—VProc. Roy. Soc., Feb. 21, 
1901. 

5. Studies in Fossil Botany ; by Dunktneietp Henry Scorr. 
Honorary Keeper of the Jodrell Laboratory, Royal Gardens, Kew, 
533 pp., 12mo, with double page frontispiece and 152 illustrations 
in text. London, 1900.—In the fourteen lectures constituting 
Professor Scott’s studies the statement is abundantly sustained 
that; “ At the present day happily fossil botany is an eminently 
progressive branch of science.” These lectures are not offered as 
a text, but rather as a general discussion of salient and funda- 
mental facts with a taxonomic bearing. They are limited to the 
Pteridophytes and Gymnosperms, and even in the case of these 
the forms from the older formations, whence the beginnings of 
lines of descent are naturally tobe expected, receive the more 
extended treatment, the object being, in the words of Count 
Solms-Laubach,—‘“‘ to complete the natural system.” 

This work is admirably suited to the general reader as well as 
the student. No writer on the subject excels Professor Scott in 
an easy clearness, while a particular excellence rests in his ability 
to state simply and give with precision the work of his confreres. 
The concluding paragraph finds a suitable place here :—‘‘ Only 
twelve years ago it was said that fossil botany had contributed 
little to our knowledge of the affinities of plants. Whether true 
or rot at the time it was made, such a statement would not. hold 
good now. Our whole conception of two at least of the great 
divisions of the vegetablle kingdom—the Pteridophyta and the 
Gymnosperms—and of their mutual relations, is already pro- 
foundly influenced by the study of the ancient forms. Far 
greater results may be confidently expected from further research, 
but, by the work already accomplished, fossil botany has borne 
no small part in the advancement of our knowledge of the affini- 
ties of plants.” This work is most earnestly recommended to the 
attention of all interested in this subject. G. R. W. 

6. Flora of Western Middle California; by Witus Linn 
Jepson, Ph.D. Pp. 625, 8vo. Encina Publishing Co., Berke- 
ley, Calif., 1891.—Prof. Jepson’s well-conceived and carefully 
executed flora is a welcome addition to the literature of American 
botany. It is the outcome of some ten years’ intensive study of 
the flora of central California, during which the author has passed 
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repeatedly from close field observations to yet more détailed 
comparisons in the herbarium—an alternation of method by 
which alone a good manual can be made. Prof. Jepson has also 
taken pains to consult hundreds of types in the larger eastern 
herbaria, thereby adding much to the accuracy and authority of 
his work. The descriptions are full without such length as to 
obscure differential characteristics. Their greatest merit, how- 
ever, is that they are based upon personal familiarity with the 
plants themselves, and the element of compilation, which cannot 
be entirely excluded from any such work, is here reduced to a 
minimum. There are also excellent and very complete keys 
which, to judge from cursory examination, are much clearer than 
in any work previously dealing with the flora of California. The 
common names assigned are in many cases unfamiliar at least to 
the Easterner and add a feature of interest from their originality 
and imaginative character. Owl’s Clover (Orthocarpus), Pop- 
corn Flower (Plagiobotrys), Inside-out Flower (Vaucouveria), 
Mule Fat (Baccharis), Hill Man Root (Echinocystis), and Milk- 
maids (Dentaria), are examples. 

In the difficult matter of scientific nomenclature Prof. Jepson 
has been eclectic, adopting, on the whole, a course by which he 
has considerately avoided the making of new combinations or 
adding to the existing confusion. In the arrangement of the 
manual, the now generally approved sequence has been followed, 
which is determined primarily by the degree of connation, adna- 
tion, and irregularity of the floral parts. In this arrangement, 
however, it seems to us that the author is in error in placing in 
the ascending scale the Cichorieze before the Asteroides and 
other groups of the Composite in which zygomorphy is much less 
pronounced. While it is easy to see how the strongly zygomor- 
phic corollas of the dandelion, for instance, have resulted from 
the gradual modification of the tubular actinomorphic corolla, 
the reverse development seems highly improbable. 

In no point does Prof. Jepson’s work commend itself more 
highly than in the excellent judgment which he shows in the 
matter of specified limits and in conserving intact certain large 
and natural genera like Oenothera, Mimulus, etc., recently sub- 
jected to a technical splitting as unpractical as it is artificial. 

B. L. R. 

7. Grand Rapids Flora; by Emma J. Cotzx. Pp. 17, royal 
8vo, with map. Grand Rapids, Mich., 1891.—Miss Cole’s recently 
issued catalogue of the flowering plants and ferns of Grand 
Rapids records 1290 species growing within an area 24 miles 
square. In the sequence of families Engler & Prantl’s great work 
has been followed. In this respect, as in other matters, the cata- 
logue exhibits advanced methods and possesses an up-to-date 
character. It is evident that no small care has been given to 
recent segregations of species since the results of such work are 
recorded with considerable discrimination. The scientific nomen- 
clature is wisely conservative, without entire adherence to any 
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particular work. Considerable synonymy is given and also such 
vernacular names as are sanctioned by usage. Habitats, stations, 
frequency, and dates of flowering are concisely stated, and alto- 
gether the work is a model of its kind. The area covered pre- 
sents considerable diversity and the flora is accordingly rather 
rich. It presents, as we should expect from its latitude and 
geological formation, an analogy to that of middle New England. 
There is, however, a more southern strain in the vegetation, as 
evinced by the presence of such plants as Gymnocladus, Asimina, 
Jeffersonia, Cercis, ete., several of which must here approach 
their northern limit. There is, of course, also a prairie element, 
shown in such genera as Lepachys, Heliopsis, Amorpha, ete., not 
found in New England. Several species are lacking in the Flora 
which may be sought in the region with considerable likelihood of 
snecess, as for instance, Zuraxacum erythrospermum, Goodyera 
tesselata, Helianthemum majus, and Camelina microcarpa. 
B. L. R. 

8. The Variations of a newly-arisen Species of Medusa; by 
ALFRED GoLpsBorouGH Mayer. Pp. 27, with two plates. The 
Maemillan Co. New York, 1901.—This memoir forms the first 
number of volume I of the Science Bulletins of the Museum of 


the Brooklyn Institute of Arts and Sciences. 


III. SCIENTIFIC INTELLIGENCE. 


1. Annals of the Astrophysical Observatory of the Smithsonian 
Institution, volume I; by S. P. Lanairy, Director, aided by C. G. 
Assot. Large 4to; pp. 266, with 32 plates. Washington, 1901. 
—The publication of the first volume of the Annals of the Astro- 
physical Observatory at Washington is an event of no small 
importance, since it records the culmination of the investigations 
that have been carried on for so many years by Professor Lang- 
ley and under his direction, in the study of the invisible infra-red 
solar spectrum. This work may be said to have had its begin- 
ning twenty years ago in connection with the author’s study of 
the solar radiation with the bolometer—then a new instrament— 
on the summit of Mt. Whitney in California, at an altitude of 
12,000 feet. Since 1890, observations have been carried on at 
Washington in the modest astrophysical observatory under the 
direction of the Secretary of the Smithsonian Institution at Wash- 
ington. Since January, 1896, Mr. C. G. Abbot has been the Aid 
Acting in Charge, and by him many of the recent observations 
have been made. 

Any extended review of this remarkable volume is made unne- 
cessary here from the fact that a discussion of the results it contains 
is given by Professor Langley as the leading article of the pres- 
ent number. It will certainly be minutely studied, and with the 
greatest interest by all those concerned in this important depart- 
ment; its development of the subject, whether as regards descrip- 
tion of instruments employed and methods of observation, dis- 
cussion of measurements obtained, and the graphical presenta- 
tion of the results, leaves nothing to be desired. 
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2. Report of the U. S. National Museum. Pp. xv,598. Wash- 
ington, 1901. (Annual Report of the Board of Regents of the 
Smithsonian Institution, showing the operations, expenditures, 
and condition of the institution for the year ending June 30, 
1899.)—The report of the Secretary of the Smithsonian Institu- 
tion for the year ending June 30th, 1899, was announced in the 
last number, p. 400. We have now the accompanying report of 
the U. 8. National Museum giving the account of additions to 
the museum and other related points for the same period, by 
the Assistant Secretary, Mr. Richard Rathbun; to this are added 
also the reports of the Head Curators. Of the accompanying 
papers, forming Part II, the most extensive (pp. 153-483) is that 
by Mr. George P. Merrill, entitled a Guide to the Collections in 
the Section of Applied Geology in the National Museum ; the 
Non-metallic Minerals. This paper, also published as a separate 
volume, contains much more that is interesting and of general 
value than might be anticipated from its title, since the author 
has brought together a large amount of material, much of which 
is new, particularly in regard to the occurrence of species 
described. Accompanying these descriptions are numerous plates 
showing quarry exposures, specimens of striking character, and 
other similar points. Two other interesting papers in the volume 
are by O. T. Mason on ethnological subjects. 

3. The Journal of Hygiene. Edited by Grorce H. F. Nurrary 
in conjunction with Joun S. Haupane, and Artaur NEwsHoLMeE. 
Vol. i, No. 1, pp. 152. (University Press, Cambridge ; price five 
shillings.)—This new journal, to be published quarterly in vol- 
umes of about 500 pages, has been established to fill the obvious 
need of an English publication containing original contributions 
on the subject of hygiene. It will embrace papers on all the 
different scientific lines which converge upon this department, 
and will also include discussions of administrative and practical 
. questions. Of the papers contained in this number may be men- 
} tioned the following - two studies of the Anopheles and its distri- 
bution in England, in relation to malaria; another on pathogenic 
microbes in milk; on the artificial modifications of toxine with 
special reference to immunity ; on the utility of isolated hos- 
pitals in the case of scarlet fever. . 

4. Annals of the Astronomical Observatory of Harvard College. 
Recent publications are the following: 

Vol. XLV. A Photometric Durchmusterung, including all stars 
of the magnitude 7°5 and brighter, north of declination —40°, 
observed with the meridian photometer during the year 1895-98 ; 
by Epwarp ©. Pickertne, Director of the Observatory. Pp. 1- 
330. 1901. 

Volume XLI, No. 6. On the Forms and Images in Stellar 
Photography ; by Epwarp S. Ktne. Pp. 153-187, with Plate-vi. 
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The most important article relating to Queen Victoria is that 


entit 


Che Character 
the 


in the Quarterly Review for April. The London correspondent of 
The New York Tribune writes to that journal that this article will 
probably be more widely read and commented upon than anything 
which has ever appeared between the covers of The Quarterly. He 
adds: 


It is the first character study of Queen Victoria which has ever been made 
from personal knowledge of her daily life during a protracted period of fifty years, 
and it has throughout a strong note of personality. The authorship of the article is 
a literary secret jealously guarded, but it is written with a tone of authority which 
impresses the reader with the value of the independent and even critical judgments, 
expressed with outspoken candor. No other writer has ventured to paint the 
Queen from life. Current biographies when not official have been made up of 
second-hand anecdotes of doubtful authenticity, and independence of judgment 
was impossible in the records of her career submitted for her revision and approval. 
In this article the Queen*s character is subjected for the first time to critical pro- 
cesses by a writer who knew her as she was, how she talked and conducted herself 
in daily life at court, and what were her convictions and motives in the exercise of 
the supreme functions of sovereignty. 


In a later cablegram, the same correspondent says: 


The authorship of the critical article on Queen Victoria in ‘‘The Quarterly 
Review” excites almost as much curiosity as the mystery once enveloping the 
“Love Letters of an Englishwoman.” The secret is closely guarded, but it is cer- 
tain that the Bishop of Winchester is not the author, and it is improbable that any 
prelate wrote it. Diplomatists suspect that the information for it was supplied by 
an important court lady in service during the Queen’s reign, and that the distinction 
of elo wae imparted to it by a man of letters of the first rank. This explanationis 
not far from the truth. 


This entire article will be reprinted in 


THE LIVING ACE 


for May 25 and June 1. These two numbers of The Living Age 
will be mailed, postpaid, to any address for twenty-five cents. 
Address 
THE LIVING AGE CO., 
P. O. Box 5206, Boston, Mass. 


LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


143 East 21st Street (Gramercy Park), New York. 


Tourmalines from a new locality, near Mesa 
Grande, California. A recent find, excelling the 
San Jacinto and other California discoveries in 
importance, and ranking with the most cele- 
brated ones in the world. 


Exceptionally large crystals measure over an inch in diameter and several 
inches in length; although considerably smaller, the average size is nevertheless 
large; as they approach microscopic dimensions, the crystals encountered are 
more highly modified, and somewhat resemble the types from Gouverneur, N. Y. 
As in other localities, the association with quartz and lepidolite is common. 

The predominance of the rubellites is a noteworthy characteristic; the long 
prisms are red or pink of various shades, and the green, when present at all, is 
apt to be very limited in extent; it may occupy a portion of the core or the termi- 
nation of a erystal. 

Sections cut at right angles to or parallel with the vertical axis often exhibit 
interesting structural features, and make very beautiful specimens. 


BOLIVIAN AND CHILIAN MINERALS. 


The specimens advertised last month attracted many purchasers, and conse- 
quently the best ones are rapidly disappearing. 

There are still on hand a few good freibergites, jamesonites, cylindrites, cassit- 
erites, atacamites, siderites, ulexites and barites. 

In picking an old collection we obtained a number of old Orange Co., N. Y., 
spinels, hortonolites, allochroites, magnetites and associations of the latter 
mineral with jenkinsite and aragonite; we also secured Ellenville brookite, chal- 
copyrite, Swedish cobaltites, pyrrhotites, rhodonites, diopsides, very fine Swiss 
quartzes and a very choice group of mammoth fluorite crystals from Cumberland, 
Eng., weighing about 50 Ibs. 

We have lately received from Franklin, N. J., remarkably good phlogopites in 
calcite, and a few meritorious franklinites, pyrites, chalcuphanites, pyrochroites, 
leucophoenicites, zincites, roeblingites and other minerals. 

The European shipments to which attention was called in March, wil] be on 


sale about May Ist. 


CORRESPONDENCE SOLICITED. 
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RESTORATION OF 


STYLONURUS LACOANUS, CLAYPOLE 


By Dr. C. E. Brxcurr, 


Yale University Museum, New Haven, Conn. 


This species of Stylonurus ranks not only as the largest of the 
genus, but also as the most gigantic American arthropod yet 
discovered. The restoration was described by Dr. Beecher in 
a previous number of this JournaL, where it is also figured. 
It is based on numerous remains of this and allied species, and so 
may be relied upon to portray with considerable accuracy this 
huge Merostome from the Catskill Group of New York and 
Pennsylvania. 

Remains of the Stylonurus are scarce, and material sufficient to 
illustrate the genus is found in but few museums. 

The animal is represented as lying on a slab measuring 
5’-5” x 2'-11", which is filled by the restoration. With its 
great crawling legs extended to their farthest span this great 
arthropod would have measured about eight feet (242 ¢. m.) 
across, and nearly five feet (147 ¢. m_) in length. 

We have acquired from Dr. Beecher the right to issue this 
model and offer it, packed and delivered fo transportation com- 
pany, for $25. 

For information concerning Dr. Beecher’s models of Brachio- 
pods showing their embryology and the anatomy of their dorsal 
valves, and his models of Trilobite showing all appendages, also 
for Professor Marsh’s restoration of Dinoceras mirabile, as well 
as for actual fossils and casts of fossils, or any other objects of 
Natural History, address 


Waro’s Naturat Science EstaBlisHMENT 


30-40 COLLEGE AVE., ROCHESTER, N. Y., U. S. A, 


f 


NEW SETS OF ROCKS 


Of interesting and important localities. 


These collections contain almost all the new types of rocks which have been 
lately described, such as Albitphyllite, Alndite, Anorthosite, Beerbachite, Boro- 
lanite, Bostonite, Durbachite. Essexite, Euktolite, Fourchite, Gautéite, Hornblend- 
ite, Ijolite, Jacupirangite, Laurdalite, Laurvikite, Leucitmonchiquite, Leucite- 
porphyry, Leucite-syenite, Leucite-tinguaite, Luciite, Malchite, Monchiquite, 
Nordmarkite, Orbite, Ornédite, Piedmontite-schist, Pyroxenite, Pulaskite, Sanukite, 
Theralite, Tinguaite, Trachydolerite, etc., ete. 

For particulars ask for our new catalogue IV, 3d supplement (just issued). 


Petrographical collections of thin sections, 


Especially arranged for the study of the microscopical properties of rocks and 
rock-forming minerals: 


A.1. Collection of 124 orientated thin sections of Minerals__..-..-..- Mark 180 
3. i. “ 114 thin sections of rock- ‘forming “. 
“ ae 60 “ 75 

0.4; 250 “ massive rocks (Rosenbusch— 

2. Collection of 50 thin sections of rocks (Rosenbusch—Coliec- 

3. Collection of 30 thin sections of new types of rocks (Collec- 


The average price for microscopic thin sections is 25c. each, first-class workman- 
ship is guaranteed. 


Crystal Models. 


Collection of 100 crystal models (of pear-tree wood) of rock-forming 


Glass-crystal models for the study of the optical properties of minerals, “ 100 
Just out: 


The new Penfield collection of crystal-models: 
225 models to illustrate Chapter V of the 
Brush-Penjield: Determinative Mineralogy and Blowpipe Analysis. 


“ A feature of the collection is that with only a few exceptions the models rep- 
resent prominent types or habits of common minerals. . . . ‘he models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

“It is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which have been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—SamvueL L. PENFIELD, 
Yale University. 

New HAVEN, Conn., February 1, 1901. 


Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


Mark 230 


DR. KBRRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
¢STABLISHED 1833. 


ESTABLISHED 1833. 
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PLATINUM WARE. 


Platinum Still (Faure-Kessler type) for Concentrating Sulphuric Acid. 


We manufacture all forms and sizes of platinum ware for chemical and laboratory 
purposes, and are = to repair platinum apparatus, crucibles, 
ishes, etc., at shortest notice. 


coo COMPA MN 2, 
NEWARK, N. J. N. Y. OFFICE, 120 LIBERTY ST. 
Send for seventh edition of pamphlet, ** Data Concerning Platinum, etc.” 


MISSOURI ZINC MINERALS. 


A fine large lot of showy cabinet specimens from the Missouri zinc mines has 
just been received. Fine sharp crystals of GALENITE, clean and bright, 
with ruby blende, calcite, dark amber sphalerite, pearl spar, etc. Some of the 
crystals show octahedrons on the cubes, while others are bastion crystals—that 
is, cubic crystals with smaller cubes on the corners. 

Also fine dark amber-colored SPHALERITE, iridescent; often with a 
sprinkling of small, sharp crystals of chalcopyrite in tetrahedrons. Pearl spar, 
marcasite, etc , are often associated. 

PEARL SPAR is represented by a very pretty lot of cabinet specimens; 
also by fine shelf and museum specimens. Calcite, sphalerite, chalcopyrite, ete., 
are associated with these dolomites. 

A few specimens of CHALCOPYRITE, in large sharp tetrahedrons on 
pearl spar completes the lot. 

GOLDEN PYRITE “SUNS” IN COAL SHALE. We have just 
received a dozen beautiful matrix specimens of this peculiar mineral freak. The 
simple discs were interesting but the fine squared matrix specimens, brass-yellow 
on black shale. are doubly interesting. 

MARSHITE, a fine specimen, $25.00. Crystallized zincite, small, matrix 
specimen, $5.00. 


ROY HOPPING, 


129 FOURTH AVE.,, 


NEW YORK CITY. 


Near 13th Street and Broadway. 


a 


Max O’Rell’s New Book. 


The Abbey Press have great pleasure in announcing that 
they are publishing this celebrated author’s new work (copy- 
righted in the United States, Great Britain and France), and it 
is believed that it will prove of greater interest than any book 
by the same writer hitherto issued. 

CLOTH, 12mo, $1.50. 


114 Fifth Avenue, New York. 


: HER ROYAL HIGHNESS WOMAN, 


THE LITTLE CRUSADERS 
By ISABEL SCOTT STONE. 


A story of the pitiful adventures of the band of faithful little children 
who were gathered at Vendome and thereafter maltreated in the name of 
religion. 

The book is tastefully bound in an embossed cover and would make a dainty 
sift. 


Cloth. Postpaid, $1.00. 

May be ordered through any bookseller or will be sent postpaid for 
the price by THE ABBEY PRESS, Publishers, of One Hundred and 
Fourteen, Fifth Avenue, New York; London; Montreal, and elsewhere, 
who always issue interesting works. 


The American Journal of Science 


ESTABLISHED BY BENJAMIN SILLIMAN IN 1818. 


Contributors should send their articles two months before the time of issuing 
the number for which they are intended. The title of communications and the 
names of authors must be fully given. Notice is always to be given when com- 
munications offered have been, or are to be, published also in other Journals. 
Thirty separate copies of each article will be furnished to the author free of 
cost and without previous notice from him. They will be provided with a plain 
cover (but with reference to volume and year). If the author orders separate 
copies, they will be understood to be in addition to the thirty mentioned above, and 
he will receive a bill for the extra expense involved, as also for that of a printed 
cover (with title, etc.), when this is specially ordered. These charges will conform 
to the following schedule; the rates will be somewhat increased if the article is 


accompanied by plates. 


No. Copies. 
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